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OUTLINE OF THE CHAPTERS 
 
The present study is divided into seven chapters which are 
outlined here as 
 
 
1. The first chapter contains the introduction of the 
thesis, overview of the problem, objectives of the study, 
historical current status of the subject, quality and size 
of the profession and statistical community.  
 
2. The second chapter is devoted on the core concept of 
statistics which describes that what is the core concept 
of statistics? And what are the opportunities and needs 
for the core? 
 
3. Third chapter contains the detail applications of 
statistics in engineering and industries. 
 
4. In fourth chapter, statistical application in science is 
explained. The different branch of science which is 
considered is…biological science, geophysical 
environmental science and physical science. 
 
5. The fifth chapter shows the interdisciplinary 
relationship with emerging areas like information 
technology and fashion technology. 
 
 
6. The sixth chapter is based on education. First of all 
barrow meter of Indian education is analyzed then 
different level of education like higher secondary, 
under graduates, post graduates and research is 
considered. 
 
 
7. The last and the final chapter is conclusion of these 
entire studies. It covers major findings, suggestions 
and area for future enhancement. 
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                 1  
PROLOGUE 
Statistics is the discipline concerned with the 
study of variability, with the study of 
uncertainty and with the study of decision 
making in the face of uncertainty. As these are 
issues that are crucial throughout the sciences 
and engineering, pharmaceuticals, statistics is 
an inherently interdisciplinary science. Even 
the, it does not   have its own concrete scientific 
domain (like rocks, clouds, DNA); it is united 
through common body of knowledge and 
common intellectual heritage. 
In recent years, technological advances in 
instrumentation development and the 
exponential growth of computing power have 
allowed researchers to collect large amounts of 
data. Examples include the data collected from 
the Hubble telescope or satellite photometry in 
the physical sciences, genetics and the data 
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bases it has spawned in the life sciences, and 
internet-related data in engineering and the 
social sciences. Common characteristics of all 
these data sets are size, complexity and 
noisiness. These massive data sets and their 
collection create new challenges and 
opportunities for statisticians, whose vital role 
is to collect data, analyze it and extract 
information from it. At the same time, science, 
industry and society are now tackling a 
multitude of inherently data-poor situations, 
such as subsurface pollution monitoring and 
remediation, reliability of complex systems, 
such as nuclear plants and materials, and study 
of vehicle crash-worthiness. This is being done 
by a combination of mathematical/computer 
modeling and statistical analysis, and requires 
optimal use of scarce, and hence invaluable, 
data. This poses new challenges and 
opportunities for statisticians who must 
optimally design experiments in situations of 
extreme complexity and then extract the 
maximal information from the limited data. 
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Thus, whether it is because of the multitude of 
new data-rich or of new complex, data-poor 
situations, it is a critical time to assess the 
current status and needs of the field of Statistics 
to ensure that it is positioned to meet these 
challenges. In this context, it is important to 
raise following issues. This thesis is useful to 
academic field which include students, as well as 
the large communities of statistics. I try to focus 
on a diverse set of scientific frontiers, found 
much in common about the challenges and 
opportunities facing our profession. This thesis 
comprises important areas like biostatistics 
(bioequivalence), bioavailability etc primarily   
associated with application in the health science. 
It is a large and popular sub discipline with 
many department of biostatistics. Although it 
shares with the mainstream of statistics both 
philosophy and tools, the funding and focus of 
biostatistics departments are sufficiently 
separate from the rest of statistics we should not 
try put them under the same umbrella of needs 
and  issues. On the other hand, many of the 
Statistics challenges and opportunities for the twenty first century 
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issues presented in this thesis should be of high 
relevance to this area as well. 
 
1.1 BIRD'S EYEVIEW 
 
The field of statistics has made remarkable 
contribution to society over several decades its 
impact is felt across gradually all branches of 
science, medicine, industries and planning in the 
government department.  The strong growth of 
field encouraged in the large part by the 
advances in information technology has also 
cause strains and frustrations as the 
opportunity has increased and supporting 
infrastructure has struggle to keep momentum.  
I have  tried  to attempt to highlight many of the 
contributions that statistics has made into 
identifying priorities for continued progress.  
                                  My work  is  largely 
focused on scientific research the role of 
education and training in attaining  long term 
goals in our profession. The main objectives of 
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this research is to identify forthcoming 
challenges and enormous opportunities for the 
professions. I have  tried  to concentrate not 
only to scientific research but also cover 
important related topics such as statistics 
educations infrastructure science, industry, 
Pharmaceuticals, Fashion Technology, 
Information technology, the  international 
perspective and a long term objectives. 
                                     A substantial proportion 
of the research is devoted to describing the 
unique role of statistics as a tool in gaining 
knowledge, with the goal of making the research 
more accessible to the statistical community. 
This was done largely because the role of 
statistical science is often poorly understood by 
the rest of the scientific community. Much of the 
intellectual excitement of the core of the subject 
comes from the development and use of 
sophisticated mathematical and computational 
tools. For this reason there is a potential 
confusion about how statistics relates to other 
field , and so a portion of this  research  dealt 
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with separating the identity of the others.  
Statistics is itself a science -the science of 
learning from data it is grounded in a still 
growing core of knowledge that reflect its root 
in probability and mathematics. In recent times, 
Statistics is also influenced by information 
technology and computational questions 
statistics is also an unusually interdisciplinary 
field. Indeed applications are lifeblood they 
motivate research on the new topics, theories 
and modules while providing a valuable result 
for establish techniques. Among the top priority 
for the statistics today is adjusting to meet the 
need to the data sets that are so large and 
complex that new ideas are required, not only to 
the data but also to conduct the experiments 
and interpret the experiment result. These 
problems are often the source of the widespread 
interdisciplinary collaborations from astronomy 
to public policy to Zoology which statistician 
engage in today. 
The research goes on to identify key 
opportunities and needs facing the statistics 
Statistics challenges and opportunities for the twenty first century 
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profession over the next few years. In many 
ways, the main issues arise from the tremendous 
success of statistics in modern science and 
technology growth is occurring in virtually 
every direction. We face increased number of 
students, increased opportunities for 
collaboration, increased size of data sets, and 
the need for expanded sets of tools from 
mathematics, computer science, and subject 
matter areas. 
                                    An important aspect of 
this growth has been its tremendous impact on 
the breadth of our research activity. We now 
face a multitude of exciting research 
possibilities for the next century. In my thesis, 
no of examples are  given in many topics both in 
the core research areas of statistics and in the 
many disciplines where statistical research is 
carried out, such as biology, engineering and 
industrial science, geological and environmental 
science, information technology, physical 
sciences, Pharmaceuticals, Fashion Technology.  
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1.2 OBJECTIVES AND 
LIMITATIONS OF THE STUDIES 
 
After having birds eye view of the thesis now,  we 
move to the objectives and limitations. Objectives 
highlights direction of the research work while 
limitations shows constrains of the different areas. 
1.2.1  To focus applications of statistical 
tools in various industries and science 
The main aim of my work on this mathematical 
science  is to highlight potentials opportunities and 
challenges of statistics to the  current industries. 
Statistics has its impact in innumerable ways on 
various spheres of industries like engineering, food 
industries, pharmaceuticals and various sciences like 
biological, geophysical environmental sciences, 
physical sciences. This is a trivial effort to render 
statistic  to the opportunities and application to the 
current industries. 
                                         Statistics is indispensable  
for the present techno age industries. it is an 
important tool as it helps in data analyzing and co-
relating important research to their application. It 
makes possible the  diagnosis and correction of many 
Statistics challenges and opportunities for the twenty first century 
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production problems and often brings substantial 
improvements in the product quality and reduction of 
spoilage and rework. Statistical tools like quality 
control provides oxygen to breath to the neck to neck 
competitive industries.   
                                     There is tremendous 
opportunities and applications of statistics in various 
sciences like biological, geophysical environmental 
and physical science. The pharmaceuticals industries 
is another area where the application of the statistics 
is done to test quantity and quality of life saving 
drugs. Moreover, governments rules require to test 
the effectiveness of the drugs before their launch. 
Here, there is a tremendous opportunities for 
applications of  biological statistical tools like 
bioavailability and bioequivalence. 
                                        Information technology is 
one more growing field which keeps the statistician 
busy. The information technology industries has made 
the data extracted classification and data analysis 
very easy by the various statistical software SPSS, 
SAS six sigma etc. 
 
statistics is indispensable for geophysical  
environmental science and physical science. Therefore 
special attention should be focused to imparts its 
Statistics challenges and opportunities for the twenty first century 
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education to the students Realization of this potential 
is the tough task as the resources are too limited, the 
pipeline of students are too small and over an above 
infrastructure supporting the field is too constraint. 
To deal with this and other challenges the following 
issues which I have considered.  
 
 
1.2.2 Developing new models for     
statistical education 
 
The growth of statistics courses in high schools, 
the increasing enrollments in undergraduate 
statistics courses, and major improvements in 
computing technology for data analysis.  The 
need for reevaluation of the entire approach to 
statistics education.  Graduate training is also 
due for reassessment: keeping the right balance 
between training in the core parts of the science, 
preparing students for cross-disciplinary work, 
and incorporating relevant parts of computer 
science into the curriculum are among the 
contributing factors to the awkward balancing 
Statistics challenges and opportunities for the twenty first century 
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act that departments face today.  The role of 
post-doctoral training and continuing education 
more generally should also be part of the 
updated vision.  To help the statistics 
community develop appropriate new models for 
education,  and to do it both holistically and 
systematically comprehensive.  We suggest that 
statistical institute should take responsibility to 
motive a series of focused,  coordinated 
workshops on statistics education with the aim 
of developing concrete plans for reform on these 
various fronts.  It would be natural to carry out 
this undertaking in collaboration with the 
scientific and educational organizations that 
part with coming responsibility for and concern 
about statistics education. This should be done 
at every level, and separately for majors and 
non-majors. Attaining this goal will require the 
focused efforts of experts in statistical education 
working together to create and disseminate the 
models. 
Statistics challenges and opportunities for the twenty first century 
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1.2.3 Strengthen  the core of statistical 
research 
 
The risk of division of the core of statistics has 
increased substantially as the field has 
diversified and expanded.  More attention must 
be given to accumulation of knowledge and the 
development of new theories and methods with 
broad applicability.  I request authorities of 
governments and universities should take 
initiatives to take responsibility for providing 
the level of support necessary for strengthening 
the statistics core. This requires ensuring that 
their full value in consolidation of knowledge is 
recognized and rewarded. Achieving this goal 
would be aided by expansion of the current 
funding programs in this area 
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1.2.4 Propagate understanding of statistical 
science  
 
Statistics is hard to pigeon-hole most of the 
people believed that it falls largely under the 
mathematical science yet most statisticians 
would agree that statistics is not a branch of 
mathematics.  Modern statistics is also close to 
information technology; epically machine 
learning, yet most statisticians would agree that 
statistics is not a branch of computer science.  
Statistics is a science itself and attempt to group 
it here or there ultimately enhance wrong notion 
about the field. This involves clarifying its role 
of the other sciences, especially in clarifying the 
differences in roles and needs between statistics 
and the other mathematical areas. Doing so well 
we make it easier for the profession to access 
the tools needed to handle growth. We 
(Statistician) need to be responsible for 
announcing the special characteristics of our 
discipline in a more effective way. 
Statistics challenges and opportunities for the twenty first century 
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1.2.5 enhance the support of 
multidisciplinary research activities  
 
Much of the thrill in the science today arises 
from research that involved multidiscipline 
while statistics comes by this naturally, it has 
limitations from inclusion as the after thought 
or exclusion as a minority player without a 
significant role.  I would like the propose 
various statistical institutes should come 
forward with new vehicles for the funding the 
research when appropriate to assure a role for 
the statistics. This can be accomplished by 
helping all parties involved calculate the full 
cost of multidisciplinary research and so make 
allowances for its special needs. This would 
imply research support that recognizes the 
special role of statisticians in scientific 
applications, where they are toolmakers 
(concepts, models, and software) as well as tool 
providers.   
Statistics challenges and opportunities for the twenty first century 
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 In number of cases, we should be partners 
in project with complex design and data analysis 
components. For such collaboration to successes 
we need to have the time and support to 
understand the subject area. 
 
 
1.2.6 accelerate the recruitment of the 
coming generation 
 
India is huge country with a population over 1 
billion and there is a major problem 
unemployment over here. But on the part of the 
coin we have the highest number of young 
population and there potential is yet to be 
explored. Statistical Institute like ISI and others 
have pointed repeatedly to shortages in the 
pipeline of students and unmet demand from 
key industries and government laboratories and 
agencies. The long range solution to this 
problem must lie in improvements to the 
education system, starting even in primary 
Statistics challenges and opportunities for the twenty first century 
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school continuing in high school and 
undergraduate level. However changes of this 
type will take much time and investment. 
Meanwhile the shortage may prove quiet 
damaging to the nation’s infrastructure, 
specially in this period of heightened concern 
about national defense and security areas to 
which statistics has much to offer. Novel special 
programmes design to spur interest in 
undergraduate and graduate training in 
statistics should be considered. We encourage to 
join forces with leaders of the statistics 
profession to help solve the pipeline problem. 
 
1.2.7 provide backbone and more freedom to 
statistics program & develop more flexible 
funding models 
 
To avoid the stifling momentum evident today in 
statistics and to reap the benefits of multitude 
of opportunities presenting themselves, there 
are compelling reasons for providing a 
Statistics challenges and opportunities for the twenty first century 
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substantial boost in resources that supports 
statistics at Statistical Institute. In addition, we 
suggest that statistics programme to provide 
backbone and more autonomy to statistics. 
This would be a logical step towards full 
division status that many feel is already 
overdue. 
             We would like to suggest to Statistical 
Institute to develop more flexible funding 
models. The needs however, are not solely 
institutional. Increasingly, individual 
researchers are becoming involved in complex 
cross-disciplinary projects or in activities that 
are more like running a laboratory than doing 
individual research. We suggest various 
Statistical Institutes and society to develop 
novel funding arrangements that would 
encourage these new ventures while being 
careful not to simply extract these monies from 
the individual research grant pool. 
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Sources of data 
 
1. The study is mainly based on 
secondary data collected   from 
various authorities of organizations, 
industries, universities, institutions. 
2. Analyzed from various publications, 
journals, annual reports, census 
reports. 
3. Information collected from 
statistical year book, articles of 
news papers and magazines  
4. Electronic journals Indian as well 
as foreign, available on internet. 
5. Published reports from the 
organizations like UGC, NAAC, and 
UNESCO etc. 
6. Books of statistics subject with 
other disciplinary. 
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Limitations of study 
 
 
1. This thesis does not cater to all the 
emerging and existing areas like 
retailing, show business, 
infrastructure etc. 
2. Data is collected from limited 
pharmaceuticals and engineering 
industries. 
3. Educational data is only collected 
from few universities and 
institutions of Gujarat state only. 
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1.3   MEANING  AND DEFINITION 
OF STATISTICS 
 
Before moving further in statistics it is 
necessary on my part to clarify the basic, 
branches, it’s applicability in our daily life.  For 
that we need to specify  “What is statistic ?” 
Statistics has been defined differently by 
different statisticians from time to time.  The 
reasons for a variety of definitions are primarily 
two. First, in modern tines the field of utility of 
Statistics has widened considerably.  In ancient 
times statistics was confined only to the affairs 
of state but  now it embraces almost every 
sphere of human activity.  Hence a number of 
old definitions which were confined to a very 
narrow field of enquiry were replaced by new 
definitions which are much more comprehensive 
and exhaustive.  Secondly, statistics has been 
defined in two ways.  Some writers define it as 
‘statistical data’, i.e., numerical statement of 
facts, while other define it as ‘statistical 
Statistics challenges and opportunities for the twenty first century 
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method’, i.e., complete body of the principles 
and techniques used in collection and analyzing 
such data.  
 
? Statistics are the classified facts 
representing the conditions of the 
people in a state… specially those facts 
which can be stated in number or in 
tables of numbers or in any tabular or 
classified arrangement 
 
? Statistics are measurements, 
enumerations or estimates of natural 
phenomenon, usually systematically 
arranged, analyzed and presented as to 
exhibit important inter-relationships 
among them. 
  
? Modern statistics refers to a body of 
methods and principles that have been 
developed to handle the collection, 
description, summarization and 
analysis of numerical data. Its primary 
Statistics challenges and opportunities for the twenty first century 
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objective is to assist the researcher in 
making decisions or generalizations 
about the nature and characteristics of 
all the potential observations under 
consideration of which the collected 
data form only a small part. 
 
? Statistics may be defined as the science 
of collection, presentation, analysis 
and interpretation of numerical data. 
 
                             The subject of statistics is 
distinguished by its essentially multidisciplinary 
nature. The overarching goal of the profession 
is the collection of scenically meaningful 
information from data of all areas. Statisticians 
carry out this objective in a different ways and 
at a number of stages of the scientific process. 
Being trained in principles of good 
experimentation, we can be provide scientists 
process from the beginning experimental design 
all the way through to the final data analysis 
and conclusions. The scientific domains of this 
Statistics challenges and opportunities for the twenty first century 
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work are nearly as wide as all scientific 
endeavors. In this research we focus on the 
following main areas: the core of statistics 
principal areas of application are as below:-:  
 
? Biological science 
 
? Engineering and industrial statistics 
 
? Geological and environmental sciences 
 
? Information technology 
 
? Physical sciences 
 
? Social and economic science 
 
? Health statistics (Bio-Statistics) 
 
We have chosen this categories to helpful 
roughly different to the people of statistical 
community in which research is supported 
outside the collaborative domain, of our 
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community construction of the mathematical 
and conceptual tools can be used for 
information collection of data. Much of the 
research has as its mathematical basis 
probability theory, but the final goal is always 
to provide results in empirical works. 
              A distinguishing feature of the 
statistics profession, and the methodology it 
develops, is the focus on logic-based principles 
for drawing scientific conclusions from data. 
This principled approach distinguishes statistics 
from a larger venue of data manipulation, 
organization, and analysis. One key principle of 
the profession dictates that one should proceed 
with measurable caution in the search for 
scientific truths within data. Such statistical 
tools as confidence coefficients, significance 
levels, and credible regions were designed to 
provide easily interpreted measures of validity. 
When used appropriately, these tools help to 
curb false conclusions from data. Benjamin 
Disraeli, later quoted by Mark Twain, said, 
“There are three kinds of lies: lies, damned lies, 
Statistics challenges and opportunities for the twenty first century 
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and statistics.” In fact, statisticians are trained 
to operate at the other end of the spectrum, 
separating scientific truth from scientific action. 
To illustrate this point, later in this research we 
will discuss a new measure of validity, the false 
discovery rate, that was developed due to the 
massive data sets and wide range of hypotheses 
that occur in modern scientific investigations. 
Of course, statisticians do not own the tools of 
statistics any more than mathematicians own 
mathematics. Certainly most statistical 
applications and much statistical research is 
carried out by scientists in other subject matter 
areas. The essential role of statistical research is 
to develop new tools for use at the frontiers of 
science. In the later sections of this research we 
will demonstrate the very exciting statistical 
research possibilities that have arisen in recent 
years. In particular, the possibilities for data 
collection and storage have opened the need for 
whole new approaches to data analysis 
problems. 
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1.4   HISTORICAL OVERVIEW 
1.4.1   Origin of the statistics 
  
The subject of statistics, as it seems, is not  a 
new discipline but it is as old as the human 
society itself. It origin can be traced to the old 
days when it was regarded as the “ science of 
state craft  “ and was the by product of the 
administrative activity of the state . the word 
‘statistics’  seems to have been derived from the  
Latin word ‘ status ‘ or ‘ political status ‘ .  in 
ancient times, the government used to collect 
the information regarding the population and ‘ 
property or wealth ‘ of the country-the former 
enabling the government to have an idea of the 
man power of the  country ( to safeguard itself 
against external aggression , if any), and the 
latter providing it a basis for  introducing new 
taxes and levis. 
In India , an efficient system of collecting  
official; and administrative statistics existed 
even more than 2,000 years ago, in particular, 
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during the region of Chandra Gupta Maurya ( 
324 – 300 B.C ) . from kautilya’s Arthshastra it 
is known that even before 300 B.C.  a very good 
system of collecting ‘ vital statistics ‘ and 
registration of birth and death was in vogue . 
during Akbar’s reign  ( 1556- 1605 A.D ) , Raja 
Todarmal , the then land and revenue minister , 
maintained  good records of land and 
agriculture statistics . In Aina-e-Akbari  written 
by  Abul Fazl ( in 1596- 97 ) , one of the nine 
gems of Akbar , we find detailed accounts of the 
administrative  and statistical survey conducted 
during Akbar’s reign . In Germany, the 
systematic collection official statistics 
originated towards the end of  the 18th century 
when, in order to have an idea of the relative 
strength of different German states , 
information regarding population and output – 
industrial and agriculture  - was collected . In 
England , statistics were the outcome of  
Napoleonic wars . the war necessitated the 
systematic collection  of numerical data to 
enable the government to assess the revenues 
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and expenditure with greater precision and then 
to levy new taxes in order to meet the cost of 
war. Seventeenth saw the origin of the ‘ vital 
statistics ‘ . Captain John Grant of London  ( 
1623 – 1687 ) , known as the ‘ father ‘ of vital 
statistics , was the first man to study the 
statistics of births and deaths. Computation of 
mortality tables and the calculation of 
expectation of life at different ages by a number 
of persons , viz., Casper Newman , Sir William 
Petty ( 1623 – 1687 ) , James Dodson , Dr. Price 
, to mention only a few , led to the idea of  ‘ Life 
Insurance ‘ and the first life insurance 
institution was founded in London in 1698 . 
The theoretical development of the so-called 
modern statistics came during the mid 
seventeenth century with the introduction of ‘ 
Theory of  Probability ‘ and ‘ Theory of games 
and chance ‘ , the chief contributor being 
mathematician and gamblers of length 
correspondence with another French 
mathematician P. Fermat ( 1601 – 1665 ) solved 
the famous  ‘ Problem of Points ‘ posed by the 
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gambler Chevalier de-Mere . his study of the 
problem laid the foundation of the theory of  
Probability which is the backbone of the modern 
theory of statistics . Pascal also investigated the 
properties of the co-efficient of binomial 
expansions and  also invented the mechanical  
computation machine . other notable 
contribution in the field are : James Bernouli ( 
1654 – 1705 ) , who wrote the first treatise on 
the ‘ Theory of Probability ‘ ; De Moivre ( 1667 
– 1754 ) who also worked on the probabilities 
and annuities and published his important work 
“ The Doctrine of Chances “ in 1718 , Laplace ( 
1749 – 1827 ) who published in 1782  his 
monumental work on the theory of probability , 
and Gauss (1777 – 1855 ) , perhaps the most 
original of all writers on statistical subjects , 
who gave the ‘  Principles of  Least Square ‘ and  
the ‘ Normal laws of Errors ‘ . later on , most of 
the prominent mathematician of 18th , 19th  and 
20th  centuries , viz., Euler , Lagrange , Bayes , 
A. Markoff ,  Khintchin , Kolmogorov ,  to 
mention only a few , have made very 
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outstanding contributions to the modern theory 
of probability .  modern  Stalwarts in the 
development of the subject of statistics are 
Englishmen who did pioneering work in the 
application of statistics of different disciplines . 
Francies  Galton  ( 1822 – 1921 ) pioneered the 
study of  “ Regression  Analysis “ in biometry 
Karl Pearson  ( 1857 – 1936 ) who founded the 
greatest statistical laboratory in England 
pioneered in the study of co-relation analysis . 
His chi-square test ( x2 _ test ) of Goodness of 
fit is the  first and most important of the test of 
significance in statistics . W.S Gosset with his t-
test ushered in an era exact small sample test . 
Perhaps most of the work in the statistical 
theory during the few decades can be attributed 
to single person Sir Ronald .A . Fisher ( 1892 – 
1962 ) who applied statistics to variety of 
diversified fields such as Genetics , biometry , 
Psychology , and education  ,  Agriculture etc 
who is rightly termed  as a father of statistics  .  
in addition  to enhancing the existing statistical 
theory he  is the pioneer in  estimation theory ( 
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point estimation and Fiducial inferences ); exact 
sampling distribution Analysis of variance and 
Design of  experiments . The varied and 
outstanding contributions  of R. A. Fishers put 
the subject of statistics on a very firm footing 
and earned  for it  the status of full fledged  
science. 
 
 
1.4.2 Development of statistics 
 
As we have discussed above that statistical 
methods have a long history of application in 
the sciences, al-though its recognition as a 
separate field dates largely from the twentieth 
century. Stigler (1986) identifies modern 
statistics as unified subject, “both a logic and a 
methodology”, that grew out of a diversity of 
ideas. One stream of the story is data analytic, 
as it arises from the problem of combining 
measurements in astronomy and geodesy. 
Among the earliest contributions was the 
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development of the method of least squares by 
Legendre around 1800.A second stream, the 
basis for the theory of uncertainty, arose from 
the early developments in the theory of 
probability. Here the mathematicians Bernoulli, 
De Moivre, Bayes, Laplace, and finally Gauss 
laid the foundations for the construction of 
probability models, as well as provided a basis 
for inverting probability models to draw 
conclusions about data. The late part of the 
nineteenth century brought a fundamental 
coalescence of statistical thinking in England, 
but now the measurements that generated the 
concepts were those of heredity and biometrics. 
The key statistical ideas of correlation and 
regression were developed at this time. Soon 
thereafter, the chi-squared test was developed 
by Karl Pearson (1900). This was a 
tremendously important conceptual 
breakthrough; it is still being used for the 
rigorous testing of scientific hypotheses within a 
statistical model. The Department of Applied 
Statistics at University College in Lon-don was 
Statistics challenges and opportunities for the twenty first century 
 34
founded in 1911 by Karl Pearson, and was the 
first university statistics department in the 
world. It arose from the merger of a Eugenics 
Laboratory and a Biometric Laboratory. Within 
a few years, R. A. Fisher, also of England, 
created the foundations of much of modern 
statistics. Fisher, also the founder of modern 
population genetics, was a genius of the highest 
order. He established methods for the analysis 
of complex experiments, now called “analysis of 
variance”, which are used thousands of times 
each day by scientists around the globe. He 
showed that a function he called the likelihood 
could be used to develop optimal estimation and 
testing procedures in almost any probability 
model. He founded and developed the main 
ideas in the design of experiments, inspired by 
his work on agricultural field trials. Fisher had 
a tremendous statistical intuition. At least some 
of the important work of the twentieth century 
was simply the attempt to clarify the 
significance and expand the domain of his 
groundbreaking research. Among the important 
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works that followed in the 1930’s was the 
rigorous development of the theory of 
hypothesis testing by Jerzy Neyman and Egon. 
Pearson at University College London. This 
theory became the foundation of research in this 
area for the remainder of the twentieth century. 
                                          
                               By the mid-century, 
statisticians in the United States were making 
seminal contributions. Abraham Wald of 
Columbia University was a leader in the formal 
development of sequential analysis, a subject 
that grew out of the need for efficient sampling 
methods during World War II. Wald was also a 
leader in the development of decision-theoretic 
methods in Statistics. An-other important 
player of this period was C. R. Rao, now of 
Pennsylvania State University and recent 
winner of the National Medal of Science, who 
produced many innovations in multivariate 
analysis, which is the study of the complex 
structures that exist in data of high dimensions. 
Another Medal of Science winner, John Tukey 
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of Princeton, is the father of modern data 
analysis. It was also during this period that 
statistics started to become institutionalized as a 
separate subject in the United States, distinct 
from the rest of mathematics or particular areas 
of application. In the U.S., Columbia (1946) and 
University of North Carolina (1946) were among 
the earliest departments. Through the rest of 
the century, as the role of statistics in the 
sciences expanded, the number and size of such 
departments grew. In the next section we will 
provide indicators for this growth. Many 
important advances of the past century came in 
the area of modeling and estimation, where 
methods were developed that expanded the 
horizon of possible models and widened the 
range of validity of statistical procedures. An 
important adjunct to these developments was 
the wide expansion of so-called large sample 
theory, the study of the distributional properties 
of statistical procedures when the sample sizes 
are large. Accurate measures of uncertainty are 
the key components of statistical inference; 
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large sample methods have enabled statisticians 
to calculate excellent approximations to these 
measures in a very wide range of problems. 
Beginning in the 1970’s, a major revolution in 
science occurred; it was destined to change the 
face of statistics forever. Beginning with punch 
cards and awkwardness, but rapidly replacing 
the existing slower alternatives, the computer 
has changed completely what it means to carry 
out a statistical analysis. It has also changed the 
facility with which one can collect and store 
data. What are the consequences of this? This 
research is about those issues. We conclude our 
history by noting that the most successful 
methodologies at the end of the twentieth 
century, such as the bootstrap, and the 
proportional hazards model, would have been 
impractical without these changes 
in computing power. And the capacity for 
scientists to collect ever more data as well as 
data of greater sophistication points to an 
exciting and challenging future with more 
fundamental results.  
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1.4.3    Indian contribution  
                                
  Indian statistician have also made notable 
contribution to the development of statistics in 
various diversified fields. The valuable 
contributions of P.C. Mahalanobis and P.V. 
sukhatme (  sample survey ) ; R.C. Bose ,  Panse 
, J.N. srivastav ( design of experiments in 
agriculture ) ; C.R. Rao ( statistical Inference ) 
; Parthasarthy ( theory of Probability ) , to 
mention only a few , have earned for India a 
high position in the world map of Statistics .  
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1.5   CURRENT STATUS 
 
After discussing historical overview we would 
like to proceed with current status. The theory 
and application of statistics spreads across 
many disciplines.  We would like  to highlight 
some of the key areas of the statistics . 
  
 
1. Core of statistics:   
2. Biological statistics: 
3. Engineering and industrial statistics:  
4. Geological and environmental statistics:  
5. Information technology and statistics: 
6. Social and economic statistics : 
7. statistical education : 
 
 
I found that the subject of statistics does not have an 
agreed upon division of its heritage into distinct areas 
of research, such as “algebra, analysis, topology, and 
geometry” are in mathematics or “inorganic, organic, 
physical, and biophysical” are in chemistry. There is 
rather a central portion of the research, that we will 
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call the core, and applications-oriented research that 
we have divided by scientific field. We have prepared 
this research on the current status of statistics 
professions and we begin with general statement about 
state of profession and we will come to more organize 
issues of the research areas: 
 
1.5.1  The quality and size of the profession  
 
International view : 
 
 The statistical sciences are very healthy 
Current Status across all sub areas in the 
United States, which is the clear world leader. 
An informal survey of four leading statistics 
journals (two of which are based in the United 
Kingdom) substantiates this statement. The 
following  table shows the departmental 
affiliation of the U.S. based authors in these 
journals. Statistics 49% ,  Biostatistics 23% , 
Industry 6% , Math Science 5% , Mathematics 4 
, Other 13% . Approximately one-half of the 
authors had U.S. affiliations. Essentially all of 
these authors are in academic institutions. 
Statistics challenges and opportunities for the twenty first century 
 41
Moreover, the vast majority come from 
statistics or biostatistics departments, with less 
than one in ten coming from a department of 
Mathematics or Mathematical Sciences. The 
next table shows the reported sources of funding 
f or this published research: NIH 40% , NSF 
38% , NSA ARO/ONR/EPA 4% , Other 9% . 
Clearly the National Science Foundation and the 
National Institutes of Health are the major role 
players in funding research in statistics. One 
way to gauge the size of the statistics profession 
is to compare it with the rest of mathematics. In 
the following table we give the approximate 
number of members in the leading statistics and 
mathematics societies. American Statistical 
Association (ASA) 16,000 Institute of 
Mathematical Statistics (IMS) 3,500 Biometric 
Society (ENAR/WNAR) 3,500 American 
Mathematical Society (AMS) 30,000 
Mathematical Association of America (MAA) 
33,000 Society for Industrial and Applied Math 
(SIAM) 9,000 These numbers are somewhat 
difficult to compare due to overlapping 
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membership lists, but they do suggest that the 
number of statistics professionals might be 
somewhere between one-fourth to one-half the 
number of mathematicians. The American 
Mathematical Society annual survey of 2001 
indicates that there are 86 doctoral programs in 
statistics, biostatistics, and biometrics .  This 
can be compared with 196 programs in other 
areas of mathematics (Groups I, II, III, V). 
Again, the numbers are not easy to compare, but 
do provide some idea of the scale. A better 
measure might be the annual number of 
Statistics PhD’s. However, these counts suffer 
from many of the usual data collection 
challenges: definition of population, quality of 
data, and census non-response. The following 
table presents three rather different numbers 
for statistics, as well as two estimates for the 
rest of mathematics. AMS Survey 2000 
(excluding probability) 310 Am stat Online 2000 
(self reports) 457 NSF Survey of Earned 
Doctorates 2000 822 (accumulated over 
statistical subfields) For    reference, math 
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excluding statistics: AMS Survey 2000 809 NSF 
Survey of Earned Doctorates 925 .  The AMS 
survey acknowledges problems with non-
response from Statistics programs. The NSF 
Survey of Earned Doctorates number is derived 
by aggregating “statistical subfields” from the 
nearly 300 fine categories by which fields of 
doctorate are categorized in this Foundation 
wide survey. If we consider the number of 
doctorates in math excluding statistics, there is 
greater coherence between the AMS and NSF 
surveys, again suggesting problems with the 
identification and collection of data for 
statistics in particular. The NSF survey does 
provide data back in time that is useful for 
under-standing how the relationship between 
statistics and the rest of mathematics has 
changed over the last 35 years.  Above Figure  
shows that the annual number of statistics 
Ph.D.s started at 200, less than 1/3 the number 
of mathematics degrees, but has grown more or 
less linearly ever since to 800, staying roughly 
equal with mathematics in the 1980’s, and 
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surpassing mathematics slightly since. The 
number of research doctorates is a noisy 
surrogate for the level of research activity. 
Regardless, there are three program directors in 
DMS for statistics and probability as opposed to 
19 f or all other mathematical areas. This 
balance does not seem to reject the magnitude of 
the statistics research effort, as measured by 
participants, nor its importance to science, as 
we will demonstrate. 
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Submission of journals in various subjects 
 
  
STATISTICS            49%
 
BIOSTATISTICS 
 23%
INDUSTRIES 6%
 
MATHEMATICAL 
SCIENCE 
  
5%
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Source of funding by various institute on public 
research 
 
NIH 40%
NSF 30%
NSA 7%
ARO 6%
ONR 5%
EPA 3%
OTHERS  9% 
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No. of member in leading in statistical and 
mathematical society 
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Indian view 
 
Statistics research in India, as reflected by 
papers indexed in Math stats, is quantified and 
mapped. Statistics, quantum theory and general 
topology are the three subfields contributing the 
most to India's output in statistics research, 
followed by special functions, economics and 
operations research, and relativity and 
gravitational theory. Indian Statistical Institute 
and Tata Institute of Fundamental Research are 
the two leading publishers of research papers. 
Unlike in many other fields, Calcutta publishes 
the largest number of papers in statistics, 
followed by Mumbai, New Delhi, Chennai and 
Bangalore. West Bengal, Uttar Pradesh, 
Maharashtra, Tamil Nadu and Delhi are the 
leading states. Researchers from 257 institutions 
spread over 134 cities/towns have published 
17,308 papers in the 11 years. About 92% of 
these papers have appeared in 877 journals 
published from 62 countries. Journals published 
in the USA, UK and the Netherlands are 
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popular with Indian Statisticians. Of the 36 
journals that have published at least a hundred 
papers, 20 are Indian journals of which only two 
are indexed in Journal Citation Reports. In all, 
about 38.5% of papers have been published in 
Indian journals, as against about 70% in , 
mathematical and statistical , 55% in life 
sciences, 33.5% in medicine and 20% in physics. 
In the later years, there has been a moderate 
shift to non-Indian journals. Close to 78% of 
papers have come from universities and colleges 
and 13% from the institutions under science 
related departments. Almost all papers in high 
impact journals are physics related and most of 
them have come from institutions under the 
Department of Atomic Energy. Over 15% of the 
9760 papers published during 1993–1998 are 
internationally coauthored. In all of science, as 
seen from Science Citation Index, 14% of Indian 
papers were internationally coauthored in 1991 
and 17.6% in 1998. The USA, Canada, and 
Germany are the important collaborating 
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nations, followed by France, Italy, Japan and 
the UK. 
                              Issues in mathematics and 
statistics The Odom          report provided some 
broad statements about the most important 
issues in mathematics and statistics as a whole. 
In this section we discuss them in the context of 
the current status of statistics.  
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1.5.2  Data collection 
  
A major theme of our research is that the 
statistics profession is experiencing a dramatic 
growth in its scientific value and its scientific  
workload due to 
changes in science, and in particular data 
collection. The Odom Report stated that With 
the advent of high-speed computers and sensors, 
some experimental sciences can now generate 
enormous volumes of data–the human genome is 
an example–and the new tools needed to 
organize this data and extract significant 
information from it will depend on the 
mathematical sciences. Of all the mathematical 
sciences, the statistical sciences are uniquely 
focused on the collection and analysis of 
scientific data. Every senior  person in our 
community has felt the impact of this startling 
growth in the scale of data in recent years.  
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1.5.3 Increased opportunities for scientific 
collaboration 
 
A second major theme of this thesis  is that 
concurrent with the increased demand for 
statistical knowledge in the sciences comes an 
increased pressure for statisticians to make 
major time commitments to gaining knowledge 
and providing expertise in a diverse set of 
scientific areas. As noted in the Odom Report, 
Both in applications and in multidisciplinary 
projects . There exist serious problems in the 
misuse of statistical models and in the quality of 
the education of scientists, engineers, social 
scientists, 
and other users of statistical methods. As 
observations 
generate more data, it will be essential to 
resolve this problem, perhaps by routinely 
including statisticians on research teams. The 
Odom report further noted the scientific 
problems of the future will be extremely 
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complex, and require collaborative efforts. It 
states that it will be virtually impossible f or a 
single researcher to maintain sufficient 
expertise in both mathematics/computer science 
and a scientific discipline to model complex 
problems alone. We whole heartedly agree with 
this finding, and will elaborate on it further. 
 
The next generation 
 
In several ways the future challenges to 
statistics differ from that of mathematics. For 
example, the Odom Report identifies three key 
issues: The mathematics community in the 
United States shares with other nations 
significant disciplinary challenges including a 
condition of isolation from other fields of 
science and engineering, a decline in the number 
of young people entering the field, and a low 
level of interaction with nonacademic fields, 
especially in the private sector. It is certainly 
our observation that the number of U.S. 
residents entering the statistics field has 
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shrunken over the years, and the growth in PhD 
degrees has come largely by foreign 
recruitment. On the other hand, in the opinion 
of the scientific committee, the Odom Report’s 
concern about isolation from other fields, 
scientific and non-scientific, seems not to apply 
to the current statistics scene.  
 
1.6   STATISTICALCOMMUNITY              
By the nature of our work, statisticians work in 
a wide areas of environments. In the entire 
world there are many statisticians who work in 
department of statistics. Such departments are 
found at most of the major research 
universities. There are now 86 Ph.D. programs  
in Statistics, Biostatistics, and Biometrics. We, 
try to focus on graduate re-search, including 
collaboration with other disciplines, and 
education, as well as undergraduate service 
courses. One important question we would like 
to raise in this research is their potential future 
role in providing undergraduate majors in 
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statistics as a part of a major effort increase the 
size of the pipeline into the profession. 
                                         Stats department 
largely  arose by fragmenting off from 
mathematic department  in the later half of the 
twentieth century. As such statistics is often 
viewed as a branch of mathematics. We believe 
that Probability and Statistics is one branch of 
the Division of Mathematical Sciences, placed 
side by side with such “pure” branches as 
Topology and Algebra. However one of the key 
conclusions of the participants of the Futures 
workshop was that statistics has become more 
and more distinct from the other mathematical 
areas. The scientific goals of statisticians and 
the directions of modern science point to a 
world where I.T science tools are at least as 
important to statistics as those of probability 
theory. A major part of the academic statistics 
community works in departments other than 
statistics. This can occur even in universities 
with statistics departments, where we can be 
found in business schools, social science and 
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science departments across the spectrum. In 
schools without statistics departments, as for 
example in three year colleges, there are often 
statisticians within the mathematics department 
where they are needed for undergraduate 
education. Finally, there are also many 
statisticians who work in biostatistics 
departments. The interaction between the 
academic community and users in industry and 
government is highly developed, and hence there 
is a rapid dissemination of theoretical ideas and 
of challenging problems from applications, as 
well as a tradition of interdisciplinary work. 
Our communities are  found everywhere in 
government agencies from the Census Bureau to 
the National Institute of Standards and 
Technology to the National Institutes of Health. 
They are employed across a wide range of 
industries, often f or quality control work. In 
particular, the pharmaceutical industry has 
been a leading employer of statisticians, who 
carry out the design and analysis of experiments 
required for drug development. 
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  2        
  CORE CONCEPTS 
 
What are the most important statistical 
concepts that  should learn in the first applied 
statistics How, in the context of a traditional 
course, especially one positioned as a service 
course, can we assure that our community  
learn, understand, and internalize these 
concepts so that they can apply them effectively 
elsewhere. We  will  like to propose a list of 
essential concepts and discuss incorporating 
such concepts into an introductory course. They 
will illustrate three basic approaches to 
presenting them: manipulative activities, 
computational software, and conceptual 
software. 
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2.1  How to identify core concept 
in statistics ? 
 
 Statistics has an expanding intellectual heritage 
that we might, for lack of a better word, call the 
core of statistics. This terminology is not 
routinely used in the profession and so it is 
necessary to define rather precisely what is 
meant. We will define the core of statistics as 
the subset of statistical activity that is focused 
inward, on the subject itself, rather than 
outward, towards the needs of statistics in 
particular scientific domains. As a synonym for 
“core” the word “in reach” might be offered. 
This would reflect the fact that this core activity 
is the opposite of outreach. As such, almost all 
statisticians are active in both in reach and 
outreach activities. The research in the core 
area is focused on the development of statistical 
models, methods, and related theory based on 
the general principles of the field. The 
objectives are to create unifying philosophies, 
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concepts, statistical methods, and computational 
tools. Although this is introspective activity, a 
central philosophy of the core is that the 
importance of a problem is not dictated by its 
intrinsic beauty (as, say, in abstract 
mathematics). Rather, its importance is dictated 
by its potential for wide application or, 
alternatively, for its value in expanding 
understanding of the scientific validity of our 
methods. Through this combination of looking 
inward and looking outward, the core serves 
very much as an information hub. It is defined 
by its connectivity to, and simultaneous use in, 
virtually all other sciences. That core statistical 
concepts and methodology can be used 
simultaneously in a vast range of sciences and 
applications is a great source of efficiency in 
statistics, and as a consequence, provides high 
value to all of science. Core research might be 
contrasted to “application-specific statistical re-
search”, which is more closely driven by the 
need to analyze data so as to answer questions 
in a particular scientific field. Of necessity, this 
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re-search draws on core knowledge for tools as 
well as for an understanding of the limitations 
of the tools. It also provides raw material for 
future core research through its unmet needs. 
Before addressing possible core concepts in 
statistics, let begin by proposing an operational 
definition of a core concept. For this paper it is 
a big idea or fundamental principle. It is not a 
specific application, method, or technique. Nor 
is it a skill, such as the use of software, or an 
attitude or value, such as the need for today’s 
citizens to understand  statistics. A core concept 
in statistics is definitely not defined by one of 
the following explanations that were discovered 
in a literature search: a statistical characteristic 
of a time series or a kind of mathematical 
concept! Still such explanations are not that 
unusual according to Batanero (2001): 
“Notwithstanding its axiomatic foundation, 
Statistics may well be the only branch of 
Mathematics where debate is still going on 
about the interpretation of basic concepts”. 
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2.2   IDENTIFICATION OF 
CORE CONCEPTS IMPORTANT 
 
In order to identify a list of possible core 
concepts in statistics, This literature led to 
widely varying views on the number of core 
concepts in statistics.  In one of the book there 
was only one core concept in statistics: sampling 
distributions. The AP Statistics course identifies 
four major conceptual themes: exploring data: 
describing patterns and departures from 
patterns; sampling and experimentation: 
planning and conducting a study; anticipating 
patterns: exploring random phenomena using 
probability and simulation; and statistical 
inference: estimating population parameters 
and testing hypotheses. Some of this confusion 
may arise from the presence of at least three 
types of introductory statistics courses. The first 
is the statistical literacy/reasoning/thinking 
course. It emphasizes concepts. The second is 
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applied statistics course. Often a service course, 
it stresses applications. Third, there is the 
mathematical statistics course, with its emphasis 
on theory. But for over a decade there have 
been calls for incorporating statistical concepts 
in all of these introductory courses. As one 
example, Dick Schaeffer in 1992 stated that 
“The introductory course in statistics should 
focus on a few broad concepts and principles, 
not a series of techniques.”  We recommend that 
these courses should Stress conceptual 
understanding rather than mere knowledge of 
procedures. Most of these calls have suggested 
that fewer topics are better for most courses 
(“Less is more!”). Thus there is a pressing need 
for a list of core concepts so that all instructors, 
but especially new instructors, can address 
related concerns As two examples, how to avoid 
underestimating the difficulty students have in 
understanding these concepts and 
overestimating the understanding of these 
concepts by students. In addition, it is 
important to have a list of such concepts so 
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instructors know how to incorporate them into 
introductory courses, especially the applied and 
mathematical statistics courses. 
 
2.3 UNDERSTANDING CORE 
INTERACTIVITY 
 
One way to demonstrate the amazing way that 
the core activities of statistics provide 
widespread value to the scientific community is 
to consider data on the citations of statistical 
literature. We offer an initial caution that 
citation data should not be over interpreted, as 
high citations for individual. Citation counts of 
the most cited mathematical scientists articles 
can reflect things other than quality or intrinsic 
importance. We offer citation data here because 
it provides a simple and accessible measure of 
the widespread influence of statistical research 
on scientific fields outside of statistics. The 
Institute of Scientific Information (ISI), which 
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produces the Science Citation Index and its 
relatives, created several lists of the “most cited 
scientists in the 1990’s.” Their data on 
mathematicians, published in the May/June 
2002 issue of Science Watch, showed that 
eighteen of the twenty-five most cited 
mathematical scientists of the period 1991 to 
2001 were statisticians or biostatisticians.  For 
example, the paper by Hall and Tittering ton 
(1987), which considers the thorny problem of 
choosing a smoothing parameter in 
nonparametric function estimation, has about 
2/3 of its citations outside any definition 
Citation counts of the most cited mathematical 
scientists articles can reflect things other than 
quality or intrinsic importance. We offer 
citation data here because it provides a simple 
and accessible measure of the widespread 
influence of statistical research on scientific 
fields outside of statistics. 
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2.4    A SET OF RESEARCH 
CHALLENGES 
We next wish to suggest some of the important 
challenges that will be faced in future core area 
statistical research. To identify such challenges 
in statistics is inherently a slightly different 
enterprise than occurs in some other sciences. 
Whereas in mathematics, for example, much 
focus has been given to famous lists of problems 
whose challenge is enduring, in statistics the 
problems are always evolving corresponding to 
the development of new data structures and new 
computational tools. Unlike the laboratory 
sciences, statistics does not have big expensive 
problems with multiple labs competing–or 
cooperating–on major frontiers. It is perhaps 
more true in statistics than in other sciences 
that the most important advances will be 
unpredictable. For this reason we need to 
maintain an underlying philosophy that is 
flexible enough to adapt to change. At the same 
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time it is important that this future research 
should not degenerate into a disparate collection 
of techniques. We can identify some general 
themes driving modern core area research. The 
challenges are based on the development of 
conceptual frameworks and appropriate 
asymptotic approximation theories for dealing 
with (possibly) large numbers of observations 
with many parameters, many scales, and 
complex dependencies. The following 
subsections identify these issues in more detail. 
 
 2.4.1  Scales of data 
 Scales of data plays an important role in 
statistics . Entire research depends on scale of 
data. Importance of scale of data cannot be 
ignored. Various  Statisticians has given 
guidelines on this. For example Huber’s 1994 
taxonomy of data sizes, Tiny 10 2 , Small 10 4 , 
Medium 10 6 , Large 10 8 , Huge 10  already 
looks quaint (Wegman, 1995). For example, a 
single database for a single particle physics 
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experiment using the “BaBaR” detector at the 
Stanford Linear Accelerator Center has 5 £ 10 
15 bytes. There will continue to be research 
issues at every scale – we haven’t solved all 
problems for data sets under 100. However, a 
new part of the challenge to statistics is that the 
mix of issues, such as generalize ability, 
scalability, and robustness, as well as the depth 
of scientific understanding of the data, will 
change with scale and context. Moreover, it is 
clear that our research and graduate training 
has yet to fully recognize the computational and 
other issues associated with the larger scales.  
 
2.4.2  Data reduction and compression 
We need more “reduction principles”: R. A. 
Fisher gave us many of the key ideas, such as 
sufficiency, ancillary, conditional arguments, 
transformations, pivotal methods, and 
asymptotic optimality. We need to consider the 
other side also . However, there is clear need for 
new ideas to guide us in areas such as model 
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selection, prediction, and classification.  We can 
use  “Compression” as a guiding principle for 
data analysis. The basic idea is that good 
structural understanding of record is related to 
our ability to compactly store it without losing 
our ability to “decompress” it and recover 
nearly the original information. For example, in 
the domain of signal and image data, wavelets 
are actually not optimal for representing and 
compressing curved edges in images. This 
suggests the need for new representational 
systems for better compression. 
 
2.4.3 Machine learning and neural 
networks 
 In the modern world the importance of IT has 
increased a lot .Many ad hoc methods and 
computational strategies have been developed 
for “industrial strength” data. For the most 
part these methods are not in-formed by a 
broader understanding and integration into 
mainstream statistics .Thus future research 
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should involve coherently integrating the many 
methods of analysis for large and complex data 
sets being developed by the machine learning 
community and elsewhere into the core 
knowledge of statistics. Our research will 
presumably be based on the building of models 
and structures that allow description of risk as 
well as its data-based assessment. This will 
include developing principled tools for guided 
adaptation in the model building exercise. 
Machine learning helps in easier data collection, 
interpretation and conclusion. 
 
2.4.4  Multivariate analysis for large p and    
small n 
In many important statistical applications there 
are many more variables (p) than there are 
units being measured (n). Examples include 
analysis of curve data, spectra, images, and 
DNA micro-arrays. A recent research carried 
out on  “High dimensional data: p>>n in 
mathematical statistics and in biomedical 
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applications” highlighted the current research 
importance of this subject across many areas of 
statistics. The following more specific example 
can be offered to illustrate how innovations in 
other fields might prove useful in this problem, 
thereby rein-forcing the idea that the core 
continually looks outward for ideas. Random 
Matrix Theory describes a collection of models 
and methods that have developed over the last 
forty years in mathematical physics, beginning 
with the study of energy levels in complex 
nuclei. In recent years these ideas have created 
much interest in probability and combinations. 
The time now seems ripe to apply and develop 
these methods in high 22 4. The Core of 
Statistics dimensional problems in statistics and 
data analysis. For example, scientists in many 
fields work with large data matrices (many 
observations (n) and many variables (p)) and 
there is little current statistical theory to sup-
port and understand heuristic methods used for 
dimensionality reduction in principal 
components, canonical correlations etc. Early 
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results suggest that large n - large p theory can 
in some cases yield more useful and insightful 
approximations than the classical large n – fixed 
p asymptotic. For example, the Tracy Widom 
distribution for “Gaussian orthogonal 
ensembles” provides a single distribution, which 
with appropriate centering and scaling provides 
really quite remarkably accurate descriptions of 
the distributions of extreme principal 
components and canonical correlations in null 
hypothesis situations. 
 
2.4.5  Bayes  and biased estimation 
The decade of the nineties brought the 
computational techniques and power to make 
Bayesian methods fully implement able in a 
wide range of model types. A challenge for the 
coming decades is to fully develop and exploit 
the links between Bayesian methods and those of 
modern nonparametric and semi parametric 
statistics, including research on the possible 
combination of Bayesian and frequent 
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methodology. One clear issue is that for models 
with large data problems with multiple numbers 
of variables, the concept of unbiased ness or 
“near” unbiased ness (as for the MLE) is not 
useful, as the idea of data summarization 
implicit in statistical methodology becomes lost 
in the complexity and variability of any 
unbiased method. This points to the need for a 
more extensive “biased estimation theory” and 
new theories for huge data problems with large 
numbers of variables. With the ever increasing 
use in all kinds of model-building exercises, it is 
also clear that there is a need f or further 
analysis of “Monte Carlo” methods for 
inference. 
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2.4.6 Middle ground between proof and 
computational 
 
Experiment 
A final challenge for theoretical work in the 
coming decades is to develop an agreed-upon 
middle ground between the pace of proof (too 
slow), and the swamp of unfettered 
computational experimentation (too arbitrary 
and unconvincing). There are many problems in 
which rigorous mathematical verifications might 
be left behind in the development of 
methodology both because they are too hard and 
because they seem of secondary importance. For 
example, despite many years of work, there are 
important families of statistical models, such as 
mixture models, in which identifiable  questions 
are largely ignored because of the difficult 
analysis that is involved and ever-widening 
variety of model structures that must be 
investigated. 
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2.5 OPPORTUNITIES AND NEEDS 
FOR THE CORE 
If there is exponential growth in data collected 
and in the need for data analysis, why is core 
research relevant? It is because unifying ideas 
can tame this growth, and the core area of 
statistics is the one place where these ideas can 
happen and be communicated throughout 
science. That is, promoting core area statistics is 
actually an important infrastructure goal for 
science from the point of view of efficient 
organization and communication of advances in 
data analysis. A healthy core of statistics 
(through a lively connection with applications) 
is the best hope for efficient assimilation, 
development and portability between domains of 
the explosion of data analytic methods that is 
occurring. As such, it is a key infrastructure for 
science generally. 
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2.5.1 Adapting to data analysis outside 
the core 
The growth in data needs provides a distinct 
challenge for statisticians to provide, in 
adequate time, intellectual structure for the 
many data analytic methods being developed in 
other arenas. As one leading statistician said, 
“If we don’t want to be taken over by Machine 
Learners or Computer Scientists, people who 
work exclusively in some interesting area of 
applications, and have a natural advantage on 
their own turf, we have to keep thinking of good 
statistical ideas, as well as making them friendly 
to the users.” 
 
 
 
 
 
 
 
Statistics challenges and opportunities for the twenty first century 
 76
2.5.2 Fragmentation of core research 
It is our perception that statistical outreach 
activity is high and it is in-creasing for all sorts 
of good reasons. Unifying ideas can tame this 
growth, and the core of statistics is the one 
place where these ideas can happen and be 
communicated throughout science. But there has 
been what we think is an unintended 
consequence of this growth – a relative neglect 
of basic research, and an attendant danger of 
our field fragmenting. We emphasize again the 
importance of core research: the FDR example 
illustrates that methodology theoretical insight 
into ad hoc methods magnifies their potential 
for application. One might mention some data 
items to support this: In previous years, 
according to an “export scores” analysis by 
Stephen Stigler, the Annals of Statistics was the 
most influential statistics journal. However, 
rejecting recent trends, submissions to this 
journal are down by about 25%, and perhaps 
not co-incidentally, the fraction of US authors 
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has dropped from 70% twenty years ago to 35% 
now. This manpower problem is destined to 
grow worse, as it is clear that Ph.D. students in 
statistics are finding, through the job market, 
that out-reach skills are highly valued. 
 
2.5.3 Growth in the professional needs 
 
The core research of statistics is 
multidisciplinary in its tools: it borrows from 
(at least) information theory, computer science, 
and physics as well as from probability and 
traditional math areas. As statisticians have 
become more and more data-focused (in the 
sense of solving real problems of modern size 
and scope), the math skills needed in core areas 
have gone up. To name a few areas, statistician 
might need to know complex analysis (saddle 
points), algebra (contingency tables), Markov 
chains (MCMC), or functional analysis (complex 
model building). At the same time, there is the 
need to be enough of a computer scientist to 
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develop the algorithms and computer software 
required for the data analysis. This need for 
ever increasing technical skills provides yet a 
second set of challenges to keeping the core vital 
as a place for integration of statistical ideas. 
 
2.5.4  Research funding 
It seems clear that funding for core research has 
not kept pace with the growth of the subject. 
Investigators, rather than beating their heads 
against difficult funding walls, turn their efforts 
towards better funded outreach activities or 
consulting. But the whole history of statistics 
shows that in reach activity in statistics is 
critical to its own health, and highly leveraged 
in its pay off  across  the sciences. Many 
statisticians are concerned about the current 
levels of support. It is therefore suggested that 
we raise the profile of support for core research 
to counteract the hollowing out of external 
sources. The most basic needs remain as they 
always have: to encourage talent, giving senior 
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people time and space to think, and encouraging 
junior people to buy into this line of research. 
 
2.5.5 A Possible Program 
One might ask, what sort of special program 
might a funding agency over that would 
stimulate the integrative activity of the core? In 
that spirit, we provide a special suggestion for a 
program along with the possible name : 
“Method Exploration and Migration”. It 
represents one possible way to enhance the 
ability of researchers to provide integration of 
new ideas arising outside the intellectual core.   
The theme of the program would be “developing 
new data analytic ideas for broad scientific 
use”. It would be based on the observation that 
most data analytic innovation necessarily occurs 
in a particular scientific con-text, but is 
potentially of far wider applicability. It might 
support research to understand common 
features of (new) data analytic techniques in 
fields A (and maybe B, C) with a view to 
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understanding their properties and promoting 
their use in science generally. Such a program 
need not be restricted to statisticians. There 
would be some subtle differences in this 
program compared with the usual 
interdisciplinary research initiatives. 
Interdisciplinary research typically brings 
together researchers from fields A, B and C to 
collaborate on grand challenge D. This research 
might also require statisticians (or other 
methodologists) in a collaboration with 
researchers in A (and maybe B and C) to 
understand the context and current uses of the 
techniques. The key difference in the new 
program would be that the primary goal would 
not be to advance the use of techniques existing 
in field A per se (though this may be a positive 
side eject). The aim rather is through further 
research to understand and explain in general 
terms why the methods may be of wide utility. 
The point is that this work might not take place 
otherwise, as the pace of work in hot field A is 
typically such that its scientists and even its 
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methodologists have neither time nor support to 
promote the advance of data analysis generally. 
How does this differ from standard 
“investigator-initiated grants”?–here support 
would be needed for the 
statistician/methodologists to develop 
familiarity, contacts, and collaborations with 
field B and then to conduct the research. This is 
not part of the usual grants. But field B 
shouldn’t be asked to fund the special project, 
since it isn’t the primary beneficiary. It is an in 
reach or “methodology infrastructure” activity. 
Of course, it is possible to do such research now 
as historical examples in the development of 
core statistics attest. But giving this activity 
higher profile and support would over high 
leverage benefits to the data analytic arsenal of 
science generally.  
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3 
APPLICATION OF            
STATISTICS IN 
ENGINEERING AND 
INDUSTRIES 
 
 
3.1 HISTORICAL PERSPECTIVE 
AND RECENT DEVELOPMENTS 
  
Statistical concepts and methods have played a 
key role in industrial development over the last 
century. Applications in engineering and 
industry, in turn, have been major catalysts for 
research in statistical theory and methodology. 
The richness and variety of these problems have 
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greatly influenced the development of statistics 
as a discipline. The origins of industrial 
statistics can be traced to the pioneering work 
of Walter Seward on statistical process control 
(SPC) in the 1920s. Today, SPC philosophy and 
methods have become a critical technology for 
quality improvement in manufacturing 
industries and are increasingly being used in 
business and the service and health industries. 
The early work on design of experiments (DOE) 
by R. A. Fisher, F. Yates, and their 
collaborators at Rothamsted Experimental 
Station was stimulated by the needs of the 
agricultural industry. Product testing, analysis, 
and optimization in the chemical and textile 
industries led to further developments in 
factorial designs and new methods such as 
response surface methodology and evolutionary 
operation by G. Box and others. The emphasis 
on quality improvement and G. Taguchi’s ideas 
on robust design for variation reduction have 
led to extensive research in and application of 
designed experiments for product and process 
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design, quality and process improvement, and 
software testing. The needs of the defense, 
electronics, aircraft, and space industries have 
also stimulated the development of new areas 
such as sequential analysis, reliability, spectrum 
estimation and fast Fourier transform 
algorithms. The years during World War II saw 
rapid growth of the use of statistical methods in 
quality control. After a period of stagnation, the 
renewed focus on quality and productivity 
improvement during the last three decades has 
rekindled interest in and appreciation for 
statistics in industry. Statistical concepts for 
understanding and managing variation and 
basic statistical techniques of the DOE and SPC 
form the backbone of popular quality 
management paradigms such as Total Quality 
Management (TQM), Six Sigma, and Deming’s 
famous 14 points. Major companies have 
invested heavily in re-training their workforce 
in quality management principles and basic 
statistical methods. Much of the early work was 
driven by the needs of the agricultural, 
Statistics challenges and opportunities for the twenty first century 
 85
manufacturing, and defense industries. In 
recent years, the scope has expanded 
substantially into business and finance, software 
engineering, and service and health industries. 
Applications in these areas include credit 
scoring, customer profiling, design of intelligent 
highways and vehicles, e-commerce, fraud 
detection, network monitoring, and software 
quality and reliability. 
                                     While the benefits are 
hard to quantify, it should be clear from even 
this abbreviated historical summary that 
statistics and statistical thinking have Statistics 
in Science and Industry had a profound positive 
impact on engineering and industry in the 
world. 
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3.2        OPPORTUNITIES 
Global competition and increasing customer 
expectations are transforming the environment 
in which companies operate. These changes have 
important implications for research directions 
in statistics. The new environment poses 
numerous challenges to our profession. Some 
may be concerned that, while the awareness of 
statistical tools has never been higher, this has 
not always resulted in an increased appreciation 
of the value of statisticians. Following are brief 
description of general examples. 
 
3.2.1 Massive Data Sets with Complex 
Structure 
In these topic we covered  across all parts of 
business and industry (as well as other areas 
discussed in this research). Business and 
manufacturing processes are becoming 
increasingly complex. Consequently, engineers 
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and managers are in greater need of relevant 
data to guide decision-making than ever before. 
At the same time, advances in sensing and data 
capture technologies have made it possible to 
collect extensive amounts of data. These data 
often have complex structure in the form of time 
series, spatial processes, texts, images, very high 
dimensions with hierarchical structure, and so 
on. Collection, modeling, and analysis of these 
data present a wide range of difficult research 
challenges. For example, monitoring, diagnosis, 
and improvement of advanced manufacturing 
processes require new methods for data 
compression and feature extraction, 
development of intelligent diagnostics, and real-
time process control. These problems also 
involve issues of a general nature such as 
selection biases, computing, scalability of 
algorithms, and visualization. Statisticians have 
important roles to play in designing effective 
data warehousing solutions, ensuring data 
quality, developing informative data collection 
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and data reduction (compression) schemes in 
this new environment. Many of these issues 
have, until recently been dominated by 
computer scientists and engineers. To be 
effective, however, the methods must be 
developed in the context of specific applications, 
and the empirical information must be 
integrated with engineering and subject-matter 
knowledge for decision making. For example, a 
research project on yield improvement in 
semiconductor manufacturing led to new 
methods for analyzing and visualizing spatial 
data, including methods for monitoring spatial 
processes, characterizing spatial patterns, and 
development of fault diagnostics. Engineering 
research on stamping processes resulted in new 
methods for monitoring functional data 
combining wavelet techniques with engineering 
knowledge for data compression and feature 
extraction. 
                             Other areas of application 
such as credit scoring, fraud detection in 
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telecommunications, and warranty analyses are 
also generating many research problems. 
Warranty costs in the automobile industry now 
run into billions of dollars annually (not 
counting safety and lives lost). There is a need 
for methods that quickly detect warranty 
problems (small signals) from very large and 
extremely noisy data sets. Much of the past 
work has also focused on individual processes 
with-out taking a holistic approach to modeling 
and optimization. One of the grand challenges is 
the need for enterprise-level modeling and to 
“instantaneously transform information from a 
vast array of diverse sources into useful 
knowledge and effective decisions.” 
 
3.2.2 Large-Scale Computational Models  
experimentations analysis and validation 
Computational models and simulation are being 
used more and more frequently in many areas of 
application. In manufacturing industries, 
competitive market forces and the concomitant 
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pressure to reduce product development cycle 
times have led to less physical testing and 
greater use of computer-aided design and 
engineering (CAD/CAE) methods. Finite-
element analysis and other techniques are used 
extensively in the automobile industry for 
product design and optimization. There are 
similar trends in semiconductor manufacturing, 
aircraft, defense, and other industries. The 
computational models are very high 
dimensional, involving hundreds and even 
thousands of parameters and design variables. A 
single function evaluation can take several days 
on high-end computing platforms. 
Experimentation, analysis, visualization, and 
validation using large-scale computational 
models raise a variety of statistical challenges. 
These include: 
Development of experimental designs for 
approximating and exploring response surfaces 
in very high dimensions, incorporating 
randomness and uncertainty in the design 
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parameters and material characteristics into the 
computational model modeling, screening, 
prediction         and optimization. 
                              There has been some 
research on design and analysis of computer 
experiments in the literature, including the 
development of new classes of designs and the 
use of Gaussian random fields and spatial 
interpolation techniques for inference  But 
research in this area has not kept pace with the 
needs of industry. Validation of large-scale 
computational models has received relatively 
little attention in the statistical literature. 
Sequential methods, DOE, and Bayesian 
analysis, among others, have important roles to 
play here. There are also opportunities for 
collaboration with researchers in numerical 
analysis and optimization. 
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3.2.3    Reliability and Safety: 
 The design, development and fabrication of 
highly reliable products that also meet safety 
and environmental goals represent another area 
of major challenge faced by industry. The 
traditional focus in reliability has been on the 
collection and analysis of “time-to-failure” data. 
This poses difficulties in high-reliability 
applications with few failures and high degrees 
of censoring. Fortunately, advances in sensing 
technologies are making it possible to collect 
extensive amounts of data on degradation and 
performance-related measures associated with 
systems and components. While these data are a 
rich source of reliability information, there is a 
paucity of models and methods for analyzing 
degradation data and for combining them with 
physics  of-failure mechanisms for efficient 
reliability estimation, prediction, and 
maintenance. Degradation analysis and device-
level failure prediction are integral parts of 
predictive maintenance for expensive and high-
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reliability systems. New, modern materials 
being developed, such as various types of 
composites or nanostructures materials, require 
research on appropriate models and 
methodology for prediction of failure and other 
properties. Modern air-craft and other 
structures will increasingly use these materials 
for critical parts whose failure could be 
catastrophic, bringing user safety to the fore-
front. Statisticians will need to work closely 
with materials scientists and engineers to be 
successful in this arena. There are also vast 
amounts of field-performance data available 
from warranty and maintenance databases. 
Mining these data for signals and process 
problems and using them for process 
improvement should be a major area of focus. 
There is also a need to incorporate the 
environment in which a sys-tem 
operates into reliability models and analysis of 
field-performance data. These environments are 
generally dynamic and/or heterogeneous, and 
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development of realistic models for reliability 
assessment and prediction under such 
conditions will be needed. 
 
3.2.4 Software engineering: 
 This is still a relatively new field when com-
pared with traditional branches of engineering. 
Its importance to the nation is underscored by 
the increasing reliance of the world economy 
and national defense on high quality, mission 
critical software  Statistics has a significant role 
to play in software engineering because data are 
central to managing the software development 
process, and statistical methods have proven to 
be valuable in dealing with several aspects of it. 
To mention a few examples, statistical 
considerations are essential for the construction 
and utilization of effective software metrics, and 
experimental design ideas are the backbone of 
technology for reducing the number of cases 
needed to test software efficiently (but not 
exhaustively). Further, statistical quality 
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control provides the basis for quantitative 
analysis of various parts of the software process 
and for continuous process improvement. 
Indeed, the entire movement towards formal 
processes for software development, as in the 
Software Engineering Institute’s Capability 
Maturity Model, can be traced in part to the 
pioneering work of W. A. Shewhart and W. E. 
Deming on statistical quality control and related 
topics. In spite of the progress that has been 
made, considerable additional research will be 
essential to deal with the software challenge (or 
more dramatically the “software crisis”).  
 
3.2.5    scope of this practice 
 This research provides information that may be 
applied to engineering and various industries. 
during the implementation of a Statistical 
Quality Control (SQC) program that includes 
process control and sampling techniques. This 
information may be used by the production 
approval holder and its suppliers, hereafter 
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referred to as the manufacturer. SQC programs 
are considered part of the manufacturer’s 
overall quality system. However, there is no 
regulatory requirement for establishing an SQC 
program, and establishing such a program 
based on the information provided in this 
document is voluntary. 
 
3.3 MEANING OF STATISTICAL 
QUALITY CONTROL 
SQC is generally described as the control of 
product quality by statistical methods. Various 
techniques developed by mathematical 
statisticians for the analysis of data may be used 
in the control of product quality. This Best 
Practice addresses two separate but related 
techniques, Statistical Sampling and Statistical 
Process Control (SPC). These SQC techniques 
are defined in the next section of this document. 
This document does not detail the application of 
control charts or the development of sampling 
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plans. However, it provides information for 
overall statistical sampling practices and SPC. 
 
3.3.1     Definitions 
 The following definitions are used within the 
context of this document and may not be the 
same as similar terms used in other documents 
or applications: 
Inspection by Attributes 
 A method of inspection whereby either the unit 
of product is classified simply as “defective” or 
“non-defective” or the number of 
nonconforming characteristics (defects) in the 
product is counted with respect to a given 
requirement(s). 
 
3.3.2      Characteristic 
A product feature that requires an inspection in 
order to show conformance to engineering 
design specifications. The most commonly 
specified characteristic classifications are 
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critical, major, and minor. These classifications 
are traditionally defined as follows: 
1 Critical Characteristic : 
A characteristic based on judgment and 
experience that, if not met, would cause an 
unsafe condition. 
2 Major Characteristic : 
A characteristic other than critical that, if not 
met, would reduce the usability of a product and 
could cause an unsafe condition. 
3 Minor Characteristic : 
A characteristic that, if not met, would not 
reduce the usability of a product and would 
have no adverse effect on safety. 
 
3.3.3      Statistical Process Control 
A method used for measuring, analyzing, 
detecting, and controlling process variation. 
This method may include the following 
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measurable quality characteristic control 
charts:  
X bar and R chart, the average and range X-bar 
and s chart, the average and standard deviation 
p chart, the number rejected ( proportion  of  
defective chart ) 
np chart ( no of defective item chart ) c chart, 
the number of non-conformities per unit 
 The application of statistical techniques (SPC 
and Statistical Sampling) to control a product 
characteristic to ensure it meets product 
specifications or the engineering design 
specifications 
 
3.3.4        Statistical Sampling 
 A method of inspection performed throughout 
the manufacturing process, according to 
sampling acceptance plans, and based on the 
laws of probability. Statistical sampling inspects 
defined characteristics on a portion of a lot to 
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statistically determine if the entire lot is 
acceptable. 
 
  3.3.5     Inspection by Variables 
 A method of inspection whereby a measurement 
is made to determine and record the numerical 
magnitude of a characteristic under 
consideration .  
 
3.4   SQC PROGRAM 
 An SQC program should be part of the overall 
quality system, approved by quality 
management, and documented with a detailed 
written description of all key elements of the 
program. Each manufacturer is unique with 
regard to size, facilities, personnel, resources, 
and methods of operation; therefore, different 
SQC techniques may be appropriate. The 
program should be tailored to the 
manufacturer’s product and associated 
processes, and may include SPC for process 
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control and statistical sampling for inspection 
and acceptance. 
 
  3.4.1      statistical sampling 
 Statistical sampling plans may be used for the 
inspection of critical, major, and minor 
characteristics. When properly implemented, 
statistical sampling provides adequate 
assurance that products conform to the 
engineering design specifications. Statistical 
sampling techniques should be outlined in the 
manufacturer’s statistical sampling inspection 
plan. Sampling plans should be based on valid 
industry practices and should not allow for the 
acceptance of nonconforming characteristics. 
Sampling plans should be clearly documented in 
the quality program and should include the 
following criteria: 
3.4.1.1    Identifying Characteristics 
An essential step in the implementation of 
statistical sampling is to ensure that each 
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characteristic being considered is identified, 
evaluated, and properly classified. 
Classification determines the applicable 
accept/reject criteria and lot sample as specified 
in paragraph c. below, based on the effect 
specific characteristics may have on safety. The 
most common characteristic classifications are 
critical, major, and minor. 
 
3.4.1.2      Sampling Plan Criteria 
Sampling plans allow a lot, batch, or group of 
product to be accepted based on the inspection 
of a portion of that lot, batch, or group. To 
maintain confidence in the ability to predict the 
overall quality of the product, based on the 
inspection of only a portion of those units of 
product, the following criteria should be 
included in the manufacturer’s sampling plan. 
The lot, batch, or group should be 
homogeneous. Each lot or batch should consist 
of units of product of the same characteristic 
classification (i.e., critical, major, or minor), 
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type, grade, class, composition, etc. The lot, 
batch, or group should be clearly identified and 
segregated throughout the process of sampling 
inspection. 
                                  The lot, batch, or group 
should be manufactured under the same data 
and conditions, at approximately the same time. 
                               The process used to 
manufacture the product should be documented, 
controlled, repeatable, and consistent. 
                                  The sample size should be 
selected with respect to the size of the lot, batch, 
or group. The sample size should also be 
statistically valid, where the probability of 
discovering nonconforming product equates to 
an acceptable level of quality. The 
criteria/rationale for determining the sample 
size should be identified and documented prior 
to the selection of the sample. 
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The sample should be randomly selected from 
the lot, batch, or group, with each unit having 
the same probability of being selected. 
 
  3.4.1.3   Acceptance/Rejection Criteria 
Prior to the use of sampling plans for the 
inspection of any characteristics, the 
manufacturer should ensure that the processes 
used to manufacture the product result in 
characteristics that are in conformance with 
engineering design specifications. The 
manufacturer is responsible for ensuring that 
its product conforms to the engineering design 
specifications. Therefore, the use of 
acceptance/rejection criteria in sampling tables 
where the number of defective characteristics in 
the lot sample is greater than zero should not be 
used for acceptance inspection. In the event that 
any critical or major characteristics are found 
to be nonconforming in the lot sample, the 
entire lot, batch, or grouping should be 
withheld. Prior to acceptance, the entire lot 
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should be subjected to 100 percent inspection 
(screened) of that characteristic in order to 
ensure that there are no other parts in the lot 
that are nonconforming. All nonconforming 
parts should be processed in accordance with 
the manufacturer's approved material review 
procedures. When minor characteristics are 
found to be nonconforming in the lot sample, 
the entire lot, batch, or grouping should be 
withheld and disposition in accordance with the 
manufacturer's approved material review 
procedures. 
 
3.5   CONFORMITY TO THE 
ENGINEERING DESIGN 
SPECIFICATIONS 
Regardless of the use of statistical sampling, the 
manufacturer is responsible to ensure that all 
parts and products conform to the engineering 
design specifications. The manufacturer should 
withhold and disposition through an approved 
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material review process, all parts or products 
that do not conform to the engineering design 
specifications as indicated in paragraph. The 
lot, batch, or group should be homogeneous. 
Each lot or batch should consist of units of 
product of the same characteristic classification 
(i.e., critical, major, or minor), type, grade, 
class, composition, etc. The lot, batch, or group 
should be clearly identified and segregated 
throughout the process of sampling inspection. 
                                The lot, batch, or group 
should be manufactured under the same data 
and conditions, at approximately the same time. 
                                 The process used to 
manufacture the product should be documented, 
controlled, repeatable, and consistent. The 
sample size should be selected with respect to 
the size of the lot, batch, or group. The sample 
size should also be statistically valid, where the 
probability of discovering nonconforming 
product equates to an acceptable level of 
quality. The criteria/rationale for determining 
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the sample size should be identified and 
documented prior to the selection of the sample. 
The sample should be randomly selected from 
the lot, batch, or group, with each unit having 
the same probability of being selected. 
 
3.5.1 Review of Statistical Sampling 
Programs  
Statistical sampling programs that are to be 
used for the purpose of inspection/acceptance 
are considered part of the manufacturer’s 
overall quality system. The statistical sampling 
plans should be reviewed periodically and 
revised as appropriate to ensure that they are 
current and operational. 
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3.6 STATISTICAL PROCESS 
CONTROL 
When properly implemented, SPC is a 
continuous verification of the manufacturing 
process to which it is applied, and may help to 
reduce defects in the specific characteristics 
being monitored. Although SPC should not be 
used for product acceptance, it may be 
implemented for two primary purposes: 
monitor, detect, and subsequently reduce 
variation in a manufacturing process 
determine if the process is capable of meeting 
engineering design specifications 
Implementation should include a process 
capability study and a determination of the level 
of its application. 
   3.6.1      Process Capability 
 Process capability describes the ability of a 
process to produce characteristics that meet the 
engineering design specifications. A capable 
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process should consistently produce 
characteristics that meet the engineering design 
specifications. A capability study should be 
performed to ensure that the process is capable 
of yielding product characteristics that meet the 
engineering design specifications. Two indices 
often used to determine capability are referred 
to as Cp and Cpk (the actual index names) and 
are described below: 
The Cp index determines if the process output is 
within the engineering tolerance, however, Cp 
does not indicate how close the process output is 
to the actual engineering target specification. 
This may lead to a process output that meets the 
engineering tolerance.  but not the engineering 
target specification . For example, if the 
engineering target specification was 1.000" and 
the tolerance was +/- 0.005", Cp would only 
indicate whether the tolerance was within +/- 
0.005" of the engineering target specification. 
                            The Cpk index not only 
determines if the process output is within the 
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engineering tolerance (e.g., +/- 0.005"), it also 
indicates how close the process output is to the 
engineering target specification (e.g., 1.000"). 
When determining process output capability to 
the engineering design specifications, Cpk 
should be used. Within the study of statistics, a 
minimum acceptable Cpk is typically defined as 
1.33, which indicates a defect rate of 
approximately 0.0063 percent. The minimum 
Cpk value may need to be higher, indicating a 
lower defect rate, if the manufacturer 
determines that it is necessary to increase the 
probability of producing products within 
specification. 
3.6.2    Process Control 
 A process is said to be in statistical control if 
the manufactured characteristic exhibits only 
random variation from the process output 
average. Random or natural variation occurs by 
chance, cannot be traced to a single cause, and 
can only be reduced by improving the process. 
The limits of random variation can be 
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predicted, thus the conditions producing the 
variation are said to be under control. 
                              After a process is in 
statistical control and capable of meeting the 
engineering design specifications, the 
manufacturer should take the opportunity to 
evaluate whether further process improvements 
should be implemented for the purpose of 
reducing rejects and/or variation. In some cases, 
reduced process variation may result in 
improved product reliability. 
 
3.6.3     Implementing SPC Techniques 
The following criteria describes ONE approach 
that may be used in the implementation of SPC 
techniques: 
Ensure all personnel responsible for 
establishing, using, and analyzing SPC have 
been trained and have the appropriate 
knowledge, including proper tool and gauge use. 
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  Establish and document the product 
characteristics to be measured (e.g., in a process 
control plan). Additionally, the associated 
process at which each measurement is taken 
should be documented. 
                                Ensure the measurement or 
evaluation method is adequate to describe the 
variation in the process. Review the 
measurement or evaluation method to identify, 
eliminate, or adjust for measurement errors 
that may contribute to process variability. To 
help ensure accurate measurement of applicable 
characteristics, a system for maintaining gauge 
repeatability and accuracy should be applied. 
                                Review the following data 
elements to ensure correct application to the 
particular characteristic being measured: When 
performing an inspection by attributes, the 
characteristic is classified as acceptable or 
unacceptable, unlike inspection by variables 
where the specific characteristic is measured. 
The quality of the product or process is judged 
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in terms of whether it meets specification or 
design requirements. Failure of a specific 
characteristic to meet the specification 
represents a defect or nonconformance. 
                                  The data sampling 
frequency and sample size should be evaluated 
to ensure that the appropriate criteria are being 
applied to each characteristic. Ensure sample 
sizes and measurement frequencies are 
statistically valid. 
                                The use or selection of 
control charts (e.g., X-bar, p, c, etc.) should be 
analyzed to ensure that the correct chart for the 
applicable characteristic is being used. 
Improper control chart application can result in 
data that does not accurately indicate whether 
the process is in control and/or capable of 
meeting engineering design specifications. 
                              Collect data at the 
predetermined frequency during production, 
using appropriate data collection methods and 
control limits. Record the process data on 
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appropriate media (e.g., variable charts such as 
X-bar, R, and attributes charts such as p 
charts).  
                             Analyze recorded data (e.g., 
control charts) and investigate situations where 
the process is not in statistical control or does 
not meet minimum capability requirements. The 
frequency of analysis should be predetermined 
and identified in the applicable process 
procedure. Control chart analysis should be 
performed using recognized industry practices. 
Examples of analysis include in or out of 
control, shifts, trends, runs, and stratification. 
If the analysis indicates the process is out of 
control, the manufacturer should take any 
action necessary to determine the effect on 
product and ensure non-conformances are 
identified. The manufacturer should also inspect 
related characteristics that may have been 
affected by any nonconforming characteristics. 
Following corrective action, analyze data to 
determine if adjustments to the appropriate 
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recording media, such as control charts, are 
necessary. 
                         Periodically review the 
standards used to construct the recording media 
(e.g., process average and control limits) and 
revise as necessary. 
                               Establish a record retention 
schedule for the recorded data. 
                              Establish and maintain an 
internal quality audit program to periodically 
monitor and evaluate all SPC processes. The 
audit program should include periodic process 
capability studies since the control charts can be 
in control even though the process is not 
capable. 
 
CONCLUSION 
An SQC program can be an invaluable asset to 
the overall quality system. Development of SPC 
techniques using the guidelines discussed in this 
document should facilitate a reduction of 
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nonconformance, process variation, and scrap. 
The application of statistical sampling 
techniques may offer the opportunity for 
reduced inspection. 
Illustrations : from a industry following data 
have been collected – 
 
 
1 230 238 242 250
2 220 230 218 242
3 222 232 236 240
4 250 240 230 225
5 228 242 235 225
6 248 222 220 230
7 232 232 242 242
8 236 234 235 237
9 231 248 251 271
10 220 222 224 231
11 222 233 244 255
12 272 26 265 225
13 218 268 274 250
14 214 218 252 262
15 260 262 265 263
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Calculated data is as follows: 
            1 2 3 4
    
Sum   Mean Range
 
1 230 238 242 250 960 240 20
2 220 230 218 242 910 227.5 24
3 222 232 236 240 930 232.5 18
4 250 240 230 225 945 236.25 25
5 228 242 235 225 930 232.5 17
6 248 222 220 230 920 230 28
7 232 232 242 242 948 237 10
8 236 234 235 237 942 235.5 3
9 231 248 251 271 1001 250.25 40
10 220 222 224 231 897 224.25 11
11 222 233 244 255 954 238.5 33
12 272 26 265 225 788 197 47
13 218 268 274 250 1010 252.5 56
14 214 218 252 262 946 236.5 48
15 260 262 265 263 1050 262.5 5
      3532.75 385
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Control limits of  mean chart 
Central line C.L. = 239.45 
U.C.L. = 258.18 
L.C.L. =220.72 
Control limits of range chart 
Central line = 25.66 
U.C.L. = 58.50 
L.C.L. = 0 
Average Quality Control Chart
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Range Control Chart
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Conclusion: the value of mean for sample no. 15 falls 
outside the upper control limit. Hence the process is 
not under control with the respect to average. All the 
sample points of range charts fall within control limits , 
the process may be regarded as under control from the 
variability view point hence there is significant 
variation between samples and insignificant variations 
within samples .  
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4       
   APPLICATION  IN  
BIOLOGICAL SCIENCE AND 
INDUSTRY 
 
A distinguishing feature of statistics as a 
discipline is its interaction with the entire 
spectrum of natural and social sciences and with 
technology. This research is concerned with the 
elucidation of the role of statistics in gathering 
knowledge across a wide spectrum of  
possibilities. 
 
 4.1  BIOLOGICAL SCIENCE 
 
Building on the foundations of agricultural and 
genetic statistics developed in the first half of 
the 20th century, biostatistics, statistical 
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epidemiology, and randomized clinical trials 
have been cornerstones of the systematic attack 
on human disease that have dramatically 
increased life expectancy in advanced societies 
during the past half century. Recent progress in 
molecular biology and genetics has opened 
entirely new areas of investigation, where for 
the foreseeable future there will be rapid 
advances in understanding fundamental life 
processes at the molecular level. The long term 
goals of this research are the application of the 
knowledge of molecular processes to entire 
organisms and populations. These goals include 
improved tailoring of medical treatments to the 
individual alleviation of problems of 
malnutrition and starvation by improving 
agriculturally important plant species and 
domestic animals, improved public health, and 
better defense against bio terrorism. In addition 
to new solutions for problems that arise out of 
the “new” biology discussed below, success in 
statistical research will also depend on better 
understanding and further development of the 
Statistics challenges and opportunities for the twenty first century 
 122
statistical methods for clinical trials, laboratory 
and field experiments, and observational studies 
that have been developed during the past half 
century. 
                            At the risk of oversimplifying 
the many new developments in biological 
research, it is useful to consider four areas 
where statistical and computational methods 
have played and will continue to play an 
important role: 
 
1. computational genomics, including in 
particular bio molecular sequence 
2. analysis and functional genomics, genetic 
epidemiology and gene mapping 
3. evolution, population genetics, and 
ecology;  
4. computational neuroscience. 
5. Bio molecular sequence analysis and 
functional genomics. 
6. Application of  Biostatistics in  
Pharmaceutical Industry (bio avaibility 
and bioequivalence)  
Statistics challenges and opportunities for the twenty first century 
 123
Refer to methods based on analysis of DNA 
sequences (the building blocks of genes) and 
amino acid sequences (the building blocks of 
proteins), and global profiles of RNA and 
proteins in various cellular states, to discover 
the structure and evolution of genes and 
proteins, and their functions in normal and 
abnormal processes. 
 
Examples include 
 
? data base searches based on protein 
sequence alignment to infer functions of 
a newly discovered protein by comparing 
it with possibly related proteins that 
have already been studied. 
 
? the identification of control regions 
imbedded in the genome that govern the 
amount of protein produced and the 
conditions under which it is produced. 
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? alignment of homologous genomic 
regions of different plant or animal 
species as a first step in inferring their 
phylogenetic relationships, and 
 
? comparative analysis of the levels of 
gene expression in normal and diseased 
cells to provide objective differential 
diagnostics for diseases that present 
similar clinical symptoms and, more 
ambitiously, to pro-vide avenues for 
successful treatment based on 
understanding the role of the over and 
under expressed genes in the pathology 
of the disease. Promising new directions 
in this area include the use of 
computational and functional genomics 
approaches in areas such as molecular 
medicine and cellular and developmental 
biology. Molecular medicine seeks to use 
genetic data to identify subjects at risk 
for drug toxicity, to develop refined 
classification of disease subtypes based 
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on genotype, RNA and protein profiles, 
and to develop individualized 
therapeutic intervention based on 
predictive models that use molecular 
level assays. Justification of research in 
this direction will ultimately depend on 
traditional clinically oriented bio 
statistical areas such as clinical trails 
and cohort studies. This is an area of 
unlimited opportunities for the 
discipline of biostatistics. Although 
statistics as not yet been firmly 
established in cellular and 
developmental biology, it appears that 
new statistical and computational 
approaches will be essential for future 
advances as more and more high 
throughput experimental approaches are 
designed, e.g., recently implemented 
assays in 96 or 384 well format to obtain 
real time measurements of the activities 
of thousands of gene promoters in 
parallel. An astounding amount of 
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imagery based on time-lapsed 
microscopy, in situ hybridization and 
antibody staining will provide a dynamic 
view of key molecular events at every 
stage of an organism’s development. One 
particularly exciting direction is the 
development of approaches that are 
capable of integrating information from 
primary literature  and knowledge bases, 
with the analysis of high-throughput 
functional genomics and cellular imaging 
data. 
 
? The goal of Genetic epidemiology is to 
understand the relative importance of 
environment and genetics in human 
disease. Gene mapping involves the use 
of maps of molecular markers 
throughout the genome of a particular 
plant or animal to locate the genes that 
contribute to phenotypes of interest. It is 
frequently the first step toward better 
understanding and treatment of those 
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diseases in plants and animals where 
inheritance plays an important role. One 
also wants to map genes that lead to 
desirable traits in agriculturally 
important plants and domestic animals 
or genes in model organisms like the 
laboratory mouse that may provide clues 
to the genetics of similar human 
phenotypes. In experimental organisms 
genetic mapping includes the design of 
breeding experiments to maximize 
information. Gene mapping in humans, 
where one cannot perform breeding 
experiments, is much more complex, 
with some approaches exploiting 
relationships within families, while 
others involve the more difficult to infer 
and more complex relationships of 
individuals within populations. 
 
? Evolution, population genetics and 
ecology study the changes that occur at 
the population level in plants and 
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animals in response to random 
mutational changes in the population’s 
gene pool and changes in their 
environment. Although originally 
oriented toward the study of 
evolutionary relationships (for example, 
the evidence supporting the hypothesis 
of a common African origin of modern 
humans), the ideas of population 
genetics are increasingly used to 
understand the evolution of bacteria and 
viruses (in order to provide appropriate 
vaccines and drugs) and the evolution of 
proteins in different species of plants 
and animals (in order to understand 
protein structure and function by 
identifying parts of related proteins in 
different species that have been 
conserved by evolution). 
 
? Using modern methods of neuroimaging, 
computational neuroscience attempts to 
understand the functioning of nervous 
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systems at the level of small numbers of 
interacting neurons and at the level of 
the entire brain: which parts of the 
brain are activated under which 
conditions? How do the brains of normal 
and psychotic individuals differ in their 
structure and/or function? How can we 
use this knowledge for diagnosis and 
treatment? Computational neuroscience 
encompasses basic molecular biology 
from the study of ion-channel behavior, 
modeling of neuronal bring in simple 
networks, and responses of olfactory and 
visual receptors, to macroscopic 
measurements using in vivo brain 
imaging and cryo-sectioning techniques, 
to abstract approaches to computational 
vision. Statistics plays a vital role at 
each level of analysis. Statistical and 
Computational Methods As a 
consequence of this enormous diversity 
of scientific problems, expansive set of 
statistical, probabilistic, and 
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computational methods has proved to be 
very useful. Some methods have proved 
themselves in a number of areas, while 
others have more specialized 
applications. Stochastic processes, from 
definite Markov chains to point 
processes and Gaussian random fields, 
are useful across the entire spectrum of 
problems. Statistical techniques of 
classification, clustering, and principal 
components are widely used in (A) and 
(D). Likelihood and/or Bayesian analysis 
of stochastic processes is important in 
(A), (B) and (C). Because of the large 
amount of data produced, e.g., 
expression levels on a micro array for 
tens of thousands of genes in a sample of 
individuals, or data from up to a 
thousand markers (in the future perhaps 
one hundred thousand) distributed 
across the genome of thousands of 
individuals, challenging issues of 
multiple comparisons arise in (A), (B) 
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and (D). Hidden Markov models and 
Markov chain Monte Carlo provide 
important computational algorithms for 
calculating and maximizing likelihood 
functions in (A), (B), and (C). Some of 
these statistical methods are classical 
(e.g., principal components, likelihood 
analysis), but even they may require 
adaptation (principal curves, likelihood 
analysis of stochastic processes) to deal 
with the large amounts of data produced 
by modern bio-logical experiments. 
Other methods (hidden Markov models, 
Markov chain Monte Carlo) have 
developed relatively recently in parallel 
with the modern computing technology 
necessary to implement them. In 
addition there are some methods that are 
of paramount importance to the 
development of a single area. An 
example is the use of trees (phylo-genetic 
and coalescent trees) to describe 
evolutionary relationships among 
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individuals within a population and 
among different populations. (Trees also 
play a technical role in cluster analysis.) 
Experimental design and variance 
components provide important tools for 
genetic  mapping. Many techniques have 
been developed in close relation to the 
field of application, and it is expected 
that important contributions in the 
future will come from statisticians who 
are well versed in specific applications. 
How-ever, even these techniques have 
typically built on a theoretical structure 
that was developed earlier in response to 
some other perceived need, often in a 
field far removed from modern biology. 
The common methodological features of 
those methods that find application in 
several different areas provide 
motivation to achieve better theoretical 
understanding, even when that 
understanding is not tied to a specific 
application. It is also worth noting that 
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in view of the vast explosion of 
knowledge, much of it cutting across 
traditional disciplinary lines, training 
the next generation of scientists will 
require some (not yet apparent) 
consensus about what concepts will be 
important and the appropriate balance 
between general methodology and 
specific subject matter knowledge. A 
common feature of all the efforts 
described above is the amount, 
complexity and variability of data, with 
the result that computation (frequently 
including graphics) is an important 
aspect of the implementation of every 
idea. In view of the diverse mathematical 
and computational backgrounds of 
scientists engaged in biological research, 
it is important that computational 
algorithms be made as “user friendly” as 
possible. This may require support for 
specialists to provide the “front end” 
and documentation necessary so that 
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laboratory scientists can use tools 
developed by statisticians easily and 
correctly. 
 
ILLUSTRATIVE EXAMPLES 
 
Example 1. A subject showing the importance of 
a broad mathematical viewpoint in solving 
concrete problems of biological importance is 
found in the assessment of statistical 
significance in gapped sequence alignments. The 
modern history of this subject began about 
1990, when a team of researchers for the 
purpose of analyzing single DNA or protein 
sequences, recognized the relevance of results 
obtained by Iglehart in 1970, in his 
investigations of queuing theory. At the same 
time others conjectured that a similar result 
would hold for pair wise sequence alignments, a 
much more difficult result that was proved by 
another team of researchers in 1994, but only 
for the artificially simplified problem of 
alignments without gaps. Based on conjectures 
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of Karlin and Altschul and of Waterman and 
Vingron (1994) that an approximation of the 
same parametric form would be valid for the 
more important practical case of gapped 
alignments, Monte Carlo methods were 
developed to estimate the parameters of the 
conjectured approximation. These Monte Carlo 
estimates have been encoded into the widely 
used BLAST software, but their application is 
limited to a small number of previously studied 
cases by the slowness of the required 
computations. Using methods motivated by 
applications to quality control, an 
approximation was obtained for gapped 
alignments that is much more easily evaluated, 
albeit less accurate. Current research continues 
in an attempt to find an approximation that 
successfully combines generality, speed of 
evaluation, and accuracy. 
Example 2. An area that has stimulated rapid 
development of new computational and 
statistical tools is the analysis of c DNA micro 
arrays, which are used for measuring gene 
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expression in a wide variety of biological 
studies. A typical problem is to assess 
differential expression between a control and a 
treatment group for a large number (thousands) 
of genes from a relatively small sample of 
individuals. Descriptive statistics, often in the 
form of clustering algorithms, and inferential 
statistics to deal with special problems arising 
from the simultaneous comparison of thousands 
of genes both play important roles. For example, 
the collaboration of statisticians and 
researchers in oncology and biochemistry 
produced the software “Significance analysis of 
micro arrays” (SAM) (Stanford University). 
This development was motivated by an 
experiment to measure the genetic response of 
human cells to ionizing radiation. The method is 
very simple,  An illustration of brain imaging 
from Example 3 was implemented as an Excel 
spreadsheet add-in “SAM.” This package has 
been downloaded over 3400 times since its 
release in April 2001. 
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Example 3. An example illustrating the 
importance of both higher mathematics and of 
computational methods to promote visual 
understanding of complex data is provided by 
the research of K. Worsley, who for most of the 
last decade has focused on brain imaging data 
obtained either from positron emission 
tomography (PET) or functional magnetic 
resonance imaging (fMRI) (and similar 
astrophysical data) (cf. Worsley, Evans, Marrett 
and Neelin (1992)) or Worsley, et al. (2002). 
Worsley has used mathematical ideas of 
differential and integral geometry developed by 
pure mathematicians beginning with C. F. Gauss 
in the 1800s, in order to assess the statistical 
significance of regions of apparent neural 
activity in response to particular external 
stimuli. An example of the accompanying 
graphics derived from his software . In 
summary, the large amounts of data produced 
by modern biological experiments and the 
variability in human response to medical 
intervention produce an increasing demand for 
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statisticians who can communicate with 
biologists and devise new methods to guide 
experimental design and biological data 
analysis.  
 
4.2 APPLICATION OF BA & BE 
IN PHARMACEUTICALS 
INDUSTRIES 
 
This thesis is intended to provide 
recommendations regarding bioavailability (BA) 
and bioequivalence (BE) information for orally 
administered drug products in investigational 
new drug applications (INDs), new drug 
applications (NDAs), abbreviated new drug 
applications (ANDAs), and their supplements. 
This research focuses on the BA and BE 
requirements set in forth coming report,  as 
they apply to dosage forms intended for oral 
administration. The research is also generally 
applicable to normally administered drug 
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products where reliance on systemic exposure 
measures is suitable to document BA and BE 
rectal and nasal drug products). We believe that 
the guidance will be useful for applicants 
planning to conduct BA and BE studies during 
the IND period for an NDA, BE studies intended 
for submission in an ANDA, and BE studies 
conducted in the post approval period for 
certain changes in both NDAs and ANDAs. 
 
BACKGROUND 
 
General Studies to measure BA and/or establish 
BE of a product are important elements in 
support of INDs, NDAs, ANDAs, and their 
associate . As part of INDs and NDAs for orally 
administered drug products, BA studies focus 
on determining the process by which a drug is 
released from the oral dosage form and moves to 
the site of action. BA data provide an estimate 
of the fraction of the drug absorbed, as well as 
its subsequent distribution and elimination. BA 
can be generally documented by a systemic 
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exposure profile obtained by measuring drug 
and/or metabolite concentration in the systemic 
circulation over time. The systemic exposure 
profile determined during clinical trials in the 
IND period can serve as a benchmark for 
subsequent BE studies. Studies to establish BE 
between two products are important for certain 
changes before approval for a pioneer product 
in NDA and ANDA submissions and in the 
presence of certain post approval changes in 
NDAs and ANDAs. In BE studies, an applicant 
compares the systemic exposure profile of a test 
drug product to that of a reference drug 
product (RLD). For two orally administered 
drug products to be bioequivalent, the active 
drug ingredient or active moiety in the test 
product must exhibit the same rate and extent 
of absorption as the reference drug product. 
 
4.2.1       Statistical Procedure 
 
A standard in vivo BE study design be based on 
the administration of either single or multiple 
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doses of the T and R products to healthy 
subjects on separate occasions, with random 
assignment to the two possible sequences of 
drug product administration. Further 
recommended that statistical analysis for 
pharmacokinetic measures, such as area under 
the curve (AUC) and peak concentration 
(Cmax), be based on the two one-sided tests 
procedure to determine whether the average 
values for the pharmacokinetic measures 
determined after administration of the T and R 
products were comparable. This approach is 
termed average bioequivalence and involves the 
calculation of a 90% confidence interval for the 
ratio of the averages (population geometric 
means) of the measures for the T and R 
products. To establish BE, the calculated 
confidence interval should fall within a BE 
limit, usually 80-125% for the ratio of the 
product averages. For logarithmic 
transformation of pharmacokinetic data, (2) 
methods to evaluate sequence effects, and (3) 
methods to evaluate outlier data. Although 
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average BE is recommended for a comparison of 
BA measures in most BE studies, this guidance 
describes two new approaches, termed 
population and individual bioequivalence. These 
new approaches may be useful, in some 
instances, for analyzing in vitro and in vivo BE 
studies.3 The average BE approach focuses only 
on the comparison of population averages of a 
BE measure of interest and not on the variances 
of the measure for the T and R products. The 
average BE method does not assess a subject-by-
formulation interaction variance, that is, the 
variation in the average T and R difference 
among individuals. In contrast, population and 
individual BE approaches include comparisons 
of both averages and variances of the measure. 
The population BE approach assesses total 
variability of the measure in the population. 
The individual BE approach assesses within-
subject variability for the T and R products, as 
well as the subject-by-formulation interaction. 
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4.2.2            Pharmacokinetic Studies 
 
1. General Considerations 
 
The statutory definitions of BA and BE, 
expressed in terms of rate and extent of 
absorption of the active ingredient or moiety to 
the site of action, emphasize the use of 
pharmacokinetic measures in an accessible 
biological matrix such as blood, plasma, and/or 
serum to indicate release of the drug substance 
from the drug product into the systemic 
circulation.4 This approach rests on an 
understanding that measuring the active moiety 
or ingredient at the site of action is generally 
not possible and, furthermore, that some 
relationship exists between the efficacy/safety 
and concentration of active moiety and/or its 
important metabolite or metabolites in the 
systemic circulation. To measure product 
quality BA and establish BE, reliance on 
pharmacokinetic measurements may be viewed 
as a bioassay that assesses release of the drug 
substance from the drug product into the 
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systemic circulation. A typical study is 
conducted as a crossover study. In this type of 
study, clearance, volume of distribution, and 
absorption, as determined by physiological 
variables (e.g. gastric emptying, motility, pH), 
are assumed to have less interoccasion 
variability compared to the variability arising 
from formulation performance. Therefore, 
differences between two products because of 
formulation factors can be determined. 
 
2. Pilot Study 
 
If the sponsor chooses, a pilot study in a small 
number of subjects can be carried out before 
proceeding with a full BE study. The study can 
be used to validate analytical methodology, 
assess variability, optimize sample collection 
time intervals, and provideother information. 
For example, for conventional immediate-
release products, careful iming of initial 
samples may avoid a subsequent finding in a 
full-scale study that the first ample collection 
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occurs after the plasma concentration peak. For 
modified-release products, a pilot study can 
help determine the sampling schedule to assess 
lag time anddose dumping. A pilot study that 
documents BE can be appropriate, provided its 
design and execution are suitable and a 
sufficient number of subjects  have completed 
the study. 
 
The following pharmacokinetic information is 
recommended for submission: 
 
• Plasma concentrations and time points 
• Subject, period, sequence, treatment 
• AUC0-t, AUC0- ‡, Cmax, Tmax, ëz , and 
t1/2 
• Intersubject, intrasubject, and/or total 
variability, if available 
• Cmin (concentration at the end of a dosing 
interval), Cav (average concentration 
during a 
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• dosing interval), degree of fluctuation 
[(Cmax-Cmin)/Cav], and swing [(Cmax-
Cmin)/Cmin] 
• if steady-state studies are employed 
• Partial AUC, requested only as discussed in 
section III. A.9.a. 
In addition, we recommend that the following 
statistical information be provided for AUC0-t, 
Contains Nonbinding Recommendations 
• Geometric mean 
• Arithmetic mean 
• Ratio of means 
• Confidence intervals 
 
We also recommend that logarithmic 
transformation be provided for measures used 
for BE demonstration. Rounding off of 
confidence interval values: 
 
 Single-Dose/Multiple-Dose Studies 
 
Instances where multiple-dose studies can be 
useful. However, this guidance generally 
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recommends single-dose pharmacokinetic 
studies for both immediate- and modified-
release drug products to demonstrate BE 
because they are generally more sensitive in 
assessing release of the drug substance from the 
drug product into the systemic circulation (see 
section V). We recommend that if a multiple-
dose study design is important, appropriate 
dosage administration and sampling be carried 
out to document attainment of steady state. 
 
Bioanalytical Methodology 
 
We recommend sponsors ensure that 
bioanalytical methods for BA and BE studies 
are accurate, precise, selective, sensitive, and 
reproducible. 
 
4.2.3      Bioavailability 
Bioavailability is defined  the rate and extent to 
which the active ingredient or active moiety is 
absorbed from a drug product and becomes 
available at the site of action. For drug products 
that are not intended to be absorbed into the 
bloodstream, bioavailability may be assessed by 
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measurements intended to reflect the rate and 
extent to which the active ingredient or active 
moiety becomes available at the site of action. 
This definition focuses on the processes by 
which the active ingredients or moieties are 
released from an oral dosage form and move to 
the site of action. From a pharmacokinetic 
perspective, BA data for a given formulation 
provide an estimate of the relative fraction of 
the orally administered dose that is absorbed 
into the systemic circulation when compared to 
the BA data for a solution, suspension, or 
intravenous dosage form  In addition, BA 
studies provide other useful pharmacokinetic 
information related to distribution, elimination, 
the effects of nutrients on absorption of the 
drug, dose proportionality, linearity in 
pharmacokinetics of the active moieties and, 
where appropriate, inactive moieties. BA data 
can also provide information indirectly about 
the properties of a drug substance before entry 
into the systemic circulation, such as 
permeability and the influence of presystemic 
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enzymes and/or transporters (e.g., p-
glycoprotein). 
                           BA for orally administered 
drug products can be documented by developing 
a systemic exposure profile. A profile can be 
obtained by measuring the concentration of 
active ingredients and/or active moieties and, 
when appropriate, its active metabolites over 
time in samples collected from the systemic 
circulation. Systemic exposure patterns reflect 
both release of the drug substance from the 
drug product and a series of possible 
presystemic/systemic actions on the drug 
substance after its release from the drug 
product. We recommend that additional 
comparative studies be performed to understand 
the relative contribution of these processes to 
the systemic exposure pattern. One regulatory 
objective is to assess, through appropriately 
designed BA studies, the performance of the 
formulations used in the clinical trials that 
provide evidence of safety and efficacy. Before 
marketing a drug product, the performance of 
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the clinical trial dosage form can be optimized, 
in the context of demonstrating safety and 
efficacy. The systemic exposure profiles of 
clinical trial material can be used as a 
benchmark for subsequent formulation changes 
and can be useful as a reference for future BE 
studies. Although BA studies have many 
pharmacokinetic objectives beyond formulation 
performance as described above, we note that 
subsequent sections of this guidance focus on 
using relative BA and, in particular, BE studies 
as a means to document product quality. In vivo 
performance, in terms of BA/BE, can be 
considered to be one aspect of product quality 
that provides a link to the performance of the 
drug product used in clinical trials and to the 
database containing evidence of safety and 
efficacy. 
 
4.2.4     Bioequivalence 
 
Bioequivalence is defined the absence of a 
significant difference in the rate and extent to 
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which the active ingredient or active moiety in 
pharmaceutical equivalents or pharmaceutical 
alternatives becomes available at the site of 
drug action when administered at the same 
molar dose under similar conditions in an 
appropriately designed study. As noted in the 
statutory definitions, both BE and product 
quality BA focus on the release of a drug 
substance from a drug product and subsequent 
absorption into the systemic circulation. As a 
result, we recommend that similar approaches 
to measuring BA in an NDA generally be 
followed in demonstrating BE for an NDA or an 
ANDA. Establishing product quality BA is a 
benchmarking effort with comparisons to an 
oral solution, oral suspension, or an intravenous 
formulation. In contrast, demonstrating BE is 
usually a more formal comparative test that 
uses specified criteria for comparisons and 
predetermined BE limits for such criteria.  
 
4.2.5     IND/NDAs 
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BE documentation can be useful during the IND 
or NDA period to establish links between (1) 
early and late clinical trial formulations; (2) 
formulations used in clinical trial and stability 
studies, if different; (3) clinical trial 
formulations and to-be-marketed drug product; 
and (4) other comparisons, as appropriate. In 
each comparison, the new formulation or new 
method of manufacture is the test product and 
the prior formulation or method of manufacture 
is the reference product. We recommend that 
the determination to re document BE during the 
IND period be generally left to the judgment of 
the sponsor, who can wish to use the principles 
of relevant guidance  to determine when changes 
in components, composition, and/or method of 
manufacture suggest further in vitro and/or in 
vivo studies be performed. A test product can 
fail to meet BE limits because the test product 
has higher or lower measures of rate and extent 
of absorption compared to the reference product 
or because the performance of the test or 
reference product is more variable. In some 
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cases, non documentation of BE can arise 
because of inadequate numbers of subjects in 
the study relative to the magnitude of intra 
subject variability, and not because of either 
high or low relative BA of the test product. 
Adequate design and execution of a BE study 
will facilitate understanding of the causes of non 
documentation of BE. Where the test product 
generates plasma levels that are substantially 
above those of the reference product, the 
regulatory concern is not therapeutic failure, 
but the adequacy of the safety database from 
the test product. Where the test product has 
levels that are substantially below those of the 
reference product, the regulatory concern 
becomes therapeutic efficacy. When the 
variability of the test product rises, the 
regulatory concern relates to both safety and 
efficacy, because it may suggest that the test 
product does not perform as well as the 
reference product, and the test product may be 
too variable to be clinically useful. Proper 
mapping of individual dose-response or 
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concentration-response curves is useful in 
situations where the drug product has plasma 
levels that are either higher or lower than the 
reference product and are outside usual BE 
limits. In the absence of individual data, 
population dose-response or concentration-
response data acquired over a range of doses, 
including doses above the recommended 
therapeutic doses, may be sufficient to 
demonstrate that the increase in plasma levels 
would not be accompanied by additional risk. 
Similarly, population dose- or concentration-
response relationships observed over a lower 
range of doses, including doses below the 
recommended therapeutic doses, may be able to 
demonstrate that reduced levels of the test 
product compared to the reference product are 
associated with adequate efficacy. In either 
event, the burden is on the sponsor to 
demonstrate the adequacy of the clinical trial 
dose-response or concentration-response data to 
provide evidence of therapeutic equivalence. In 
the absence of this evidence, failure to document 
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BE may suggest the product should be 
reformulated, the method of manufacture for 
the test product be changed, and/or the BE 
study be repeated 
ANDAs 
 
BE studies are a critical component of ANDA 
submissions. The purpose of these studies is to 
demonstrate BE between a pharmaceutically 
equivalent generic drug product and the 
corresponding reference listed drug. Together 
with the determination of pharmaceutical 
equivalence, establishing BE allows a regulatory 
conclusion of therapeutic equivalence. 
 
4.2.6      Post approval Changes  
 
Information on the types of in vitro dissolution 
and in vivo BE studies that we recommend be 
conducted for immediate-release and modified-
release drug products approved as either NDAs 
or ANDAs in the presence of specified post 
approval changes is provided in the FDA 
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guidance for industry. In the presence of certain 
major changes in components, composition, 
and/or method of manufacture after approval, 
we recommend that in vivo BE be 
redemonstrated. For approved NDAs, we also 
recommend that the drug product after the 
change be compared to the drug product before 
the change. For approved ANDAs, we also 
recommend that the drug product after the 
change be compared to the reference listed 
drug.  This guidance provides recommendations 
regarding the  use equivalence criteria in 
analyzing in vivo or in vitro bioequivalence (BE) 
studies for investigational new drug applications 
(INDs), new drug applications (NDAs), 
abbreviated new drug applications (ANDAs) and 
supplements to these applications. This 
guidance discusses three approaches for BE 
comparisons: average, population, and 
individual. The research focuses on  Statistical 
Procedures for Bioequivalence Studies Using a 
Standard Two-Treatment Cross-Design 
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4.2.7     statistical approaches for 
bioequivalence 
 
Sample Size and Dropouts 
 
A minimum number of 12 evaluable subjects 
should be included in any BE study. When an 
average BE approach is selected using either 
non replicated or replicated designs, methods 
appropriate to the study design should be used 
to estimate sample sizes. The number of subjects 
for BE studies based on either the population or 
individual BE approach can be estimated by 
simulation if analytical approaches for 
estimation are not available.  
 
4.2.8   Statistical analysis 
 
We would like to suggest on statistical 
methodology for assessment of average, 
population, and individual BE . 
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 Logarithmic Transformation 
 
General Procedure: 
 
I suggest that BE measures  be log-transformed 
using either common logarithms to the base 10 
or natural logarithms. The choice of common or 
natural logs should be consistent and should be 
stated in the study research. The limited sample 
size in a typical BE study precludes a reliable 
determination of the distribution of the data set. 
Applicants are not encouraged to test for 
normality of error distribution after log-
transformation, nor should they use normality 
of error distribution as a reason for carrying 
out the statistical analysis on the original scale. 
Justification should be provided if applicants 
believe that their BE study data should be 
statistically analyzed on the original rather than 
on the log scale. 
 
Presentation of Data 
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The drug concentration in biological fluid 
determined at each sampling time point should 
be furnished on the original scale for each 
subject participating in the study. The 
pharmacokinetic measures of systemic exposure 
should also be furnished on the original scale. 
The mean, standard deviation, and coefficient of 
variation for each variable should be computed 
and tabulated in the final report. In addition to 
the arithmetic mean and associated standard 
deviation (or coefficient of variation) for the T 
and R products, geometric means (antilog of the 
means of the logs) should be calculated for 
selected BE measures. To facilitate BE 
comparisons, the measures for each individual 
should be displayed in parallel for the 
formulations tested. In particular, for each BE 
measure the ratio of the individual geometric 
mean of the T product to the individual 
geometric mean of the R product should be 
tabulated side by side for each subject.  
 
Population Bioequivalence 
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Overview: 
Analysis of BE data using the population 
approach should focus first on estimation of the 
mean difference between the T and R for the 
log-transformed BA measure and estimation of 
the total variance for each of the two 
formulations. This can be done using relatively 
simple unbiased estimators such as the method 
of moments (MM) .After the estimation of the 
mean difference and the variances has been 
completed, a 95% upper confidence bound for 
the population BE criterion can be obtained, or 
equivalently a 95% upper confidence bound for 
a linearized form of the population BE criterion 
can be obtained. Population BE should be 
considered to be established for a particular 
log-transformed BA measure if the 95% upper 
confidence bound for the criterion is less than 
or equal to the BE limit, qP , or equivalently if 
the 95% upper confidence bound for the 
linearized criterion is less than or equal to 0. To 
obtain the 95% upper confidence bound of the 
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criterion, intervals based on validated 
approaches can be used. 
 
Non replicated Crossover Designs 
 
For non replicated crossover studies, any 
available method  can be used to obtain an 
unbiased estimate of the mean difference in log-
transformed BA measures between the T and R 
products. The total variance for each 
formulation should be estimated by the usual 
sample variance, computed separately in each 
sequence and then pooled across sequence. 
 
Replicated Crossover Designs 
 
For replicated crossover studies, the approach 
should be the same as for Non replicated 
crossover designs, but care should be taken to 
obtain proper estimates of the total variances. 
One approach is to estimate the within- and 
between-subject components separately, as for 
individual BE, and then sum them to obtain the 
Statistics challenges and opportunities for the twenty first century 
 162
total variance. The method for the upper 
confidence bound should be consistent with the 
method used for estimating the variances.  
 
Parallel Designs 
 
The estimate of the means and variances from 
parallel designs should be the same as for non 
replicated crossover designs. The method for the 
upper confidence bound should be modified to 
reflect independent rather than paired samples 
and to allow for unequal variances. 
 
4.2.9  Individual Bioequivalence 
Analysis of BE data using an individual BE 
approach should focus on estimation of the 
mean difference between T and R for the log-
transformed BA measure, the subject-by-
formulation interaction variance, and the 
within-subject variance for each  of the two 
formulations. For this purpose, we recommend 
the MM approach. To obtain the 95% upper 
confidence bound of a linearized form of the 
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individual BE criterion, intervals based on 
validated approaches can be used. After the 
estimation of the mean difference and the 
variance terms. 
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MISCELLANEOUS ISSUES 
 
1. Studies in Multiple Groups 
If a crossover study is carried out in two or 
more groups of subjects (e.g., if for logistical 
reasons only a limited number of subjects can 
be studied at one time), the statistical model 
should be modified to reflect the multi group 
nature of the study. In particular, the model 
should reflect the fact that the periods for the 
first group are different from the periods for 
the second group. This applies to all of the 
approaches (average, population, and individual 
BE) described in this guidance. If the study is 
carried out in two or more groups and those 
groups are studied at different clinical sites, or 
at the same site but greatly separated in time 
(months apart, for example), questions may 
arise as to whether the results from the several 
groups should be combined in a single analysis. 
A sequential design, in which the decision to 
study a second group of subjects is based on the 
results from the first group, calls for different 
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statistical methods and is outside the scope of 
this guidance.   
 
2. Carryover Effects 
Use of crossover designs for BE studies allows 
each subject to serve as his or her own control 
to improve the precision of the comparison. One 
of the assumptions underlying this principle is 
that carryover effects (also called residual 
effects) are either absent (the response to a 
formulation administered in a particular period 
of the design is unaffected by formulations 
administered in earlier periods) or equal for 
each formulation and preceding formulation. If 
carryover effects are present in a crossover 
study and are not equal, the usual crossover 
estimate of mT-mR could be biased. One 
limitation of a conventioSSnal two-formulation, 
two-period, two-sequence crossover design is 
that the only statistical test available for the 
presence of unequal carryover effects is the 
sequence test in the analysis of variance 
(ANOVA) for the crossover design. This is a 
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between-subject test, which would be expected 
to have poor discriminating power in a typical 
BE study. Furthermore, if the possibility of 
unequal carryover effects cannot be ruled out, 
no unbiased estimate of mT-mR based on 
within-subject 14 comparisons can be obtained 
with this design. For replicated crossover 
studies, a within-subject test for unequal 
carryover effects can be obtained under certain 
assumptions. Typically only first-order 
carryover effects are considered of concern (i.e., 
the carryover effects, if they occur, only affect 
the response to the formulation administered in 
the next period of the design). Under this 
assumption, consideration of carryover effects 
could be more complicated for replicated 
crossover studies than for non replicated 
studies. The carryover effect could depend not 
only on the formulation that preceded the 
current period, but also on the formulation that 
is administered in the current period. This is 
called a direct-by-carryover interaction. The 
need to consider more than just simple first-
Statistics challenges and opportunities for the twenty first century 
 167
order carryover effects has been emphasized . 
With a replicated crossover design, a within-
subject estimate of mT-mR unbiased by general 
first-order carryover effects can be obtained, 
but such an estimate could be imprecise, 
reducing the power of the study to conclude BE. 
In most cases, for both replicated and non 
replicated crossover designs, the possibility of 
unequal carryover effects is considered unlikely 
in a BE study under the following 
circumstances: The possibility of unequal 
carryover effects can also be discounted for 
multiple-dose studies and/or studies in patients, 
provided that the drug is not an endogenous 
entity and the studies meet all scientific criteria 
as described above. Under all other 
circumstances, the applicant could be asked to 
consider the possibility of unequal carryover 
effects, including a direct-by-carryover 
interaction. If there is evidence of carryover 
effects, applicant should describe their proposed 
approach in the study protocol, including 
statistical tests for the presence of such effects 
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and procedures to be followed. Applicant who 
suspect that carryover effects might be an issue 
may wish to conduct a BE study with parallel 
designs. 
 
3. Product Failure  
Product failure could occur, for example, when 
a subject exhibits an unusually high or low 
response to one or the other of the products 
because of a problem with the specific dosage 
unit administered. This could occur, for 
example, with a sustained and/or delayed-
release dosage form exhibiting dose dumping or 
a dosage unit with a coating that inhibits 
dissolution. 
 
4. Subject-by-Formulation Interaction 
A subject-by-formulation interaction could 
occur when an individual is representative of 
subjects present in the general population in low 
numbers, for whom the relative BA of the two 
products is markedly different than for the 
majority of the population, and for whom the 
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two products are not bioequivalent, even though 
they might be bioequivalent in the majority of 
the population. In the case of product failure, 
the unusual response could be present for either 
the T or R product. However, in the case of a 
subpopulation, even if the unusual response is 
observed on the R product, there could still be 
concern for lack of interchangeability of the two 
products. For these reasons, deletion of outlier 
values is generally discouraged, particularly for 
Non replicated designs. With replicated 
crossover designs, the retest character of these 
designs should indicate whether to delete an 
outlier value or not. Sponsors or applicants with 
these types of data sets may wish to review how 
to handle outliers with appropriate review staff. 
 
 
5. Discontinuity 
The mixed-scaling approach has a discontinuity 
at the changeover point, sW0 (individual BE 
criterion) or sT0 (population BE criterion), 
from constant- to reference-scaling. For 
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example, if the estimate of the within-subject 
standard deviation of the reference is just above 
the changeover point, the confidence interval 
will be wider than just below. In this context, 
the confidence interval could pass the 
predetermined BE limit if the estimate is just 
below the boundary and could fail if just above. 
We recommend that applying the individual BE 
approach may use either reference-scaling or 
constant-scaling at either side of the changeover 
point. With this approach, the multiple testing 
inflates the type I error rate slightly, to 
approximately 6.5%, but only over a small 
interval of sWR (about 0.18-0.20). 
 
 
4.2.10     Examples 
 
 Objective of the present study was to 
compare the bioavailability of single oral 
dose of Altace ® 10 mg capsule and 
Ramipril 10 mg capsule following 
administration under fasting conditions . 
 
 
Statistics challenges and opportunities for the twenty first century 
 171
STUDY DESIGN 
 
  Design: Single-dose, open label, 
randomized, comparative and 
2-way crossover study 
  
No. of Volunteers: Eighteen healthy male 
volunteers were enrolled for 
the study. Out of them sixteen 
completed the 2-way 
crossover. 
 
Test product:  Ramipril 10 mg capsule  
(Batch no. 50925) 
Mfg Date: 07/2005 
 
       Reference product: Altace ® 10 mg capsule 
    (Lot No.: 12017)  
Exp.Date: 08/2006. 
 
Dose: Single, oral dose (10 mg) 
administered with 240mL of 
water at ambient 
temperature. 
 
Sampling schedule: Blood samples were 
collected before dosing and at 
the following time points 
after dosing: 0.17, 0.25, 0.33, 
0.42, 0.50, 0.58, 0.66, 0.83, 
1.0, 1.25, 1.5, 2.0, 2.5, 3.0, 3.5, 
4, 5, 6, 8, 12, 24, 48 and 72 
hours.  
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Fasting Subjects were fasted 
overnight before dosing. No 
food allowed for 4 hours post-
dose. Water access removed 
for 1 hour before and 1 hour 
after dosing. Standard meals 
were provided at 4, and 8 
hours after dosing and at 
appropriate times thereafter. 
During housing, meal plans 
kept identical for both the 
periods. 
   
Washout period: Thirteen (13) Days 
between doses. 
 
 Analyte:  Ramipril in Plasma by LC-
MS/MS method, 
 LOQ = 0.1 ng/ml 
 
Clinical Study site:  Sipra Labs Pvt 
.Ltd., Hyderabad. 
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RESULTS AND DISCUSSION 
 
Ramipril Data 
Under the conditions of the study, Ln 
transformed   
 
Parameters Cmax AUC (0-t) AUC (0-∞)
Ratios of means 
(T/R %) 97.29 108.87 96.99 
90%  Confidence interval (80.00 – 125.00) 
Lower  68.14 91.91 77.98 
Upper 138.91 128.95 120.62 
 
In this pilot fasting biostudy the mean values 
obtained for pharmacokinetic parameters 
AUC0-t, Cmax, and Tmax are comparable with 
data reported in the literature. 
 
The T/R ratios analysis: In this study 16 
subjects data is available for T/R ratios of 
Cmax. Out of 16 subjects, 02 subjects T/R 
Ratios values are within 80 – 125% (12.50%),  
05 subjects data is below 80%(31.25), and 09 
subjects data is above 125 %( 56.25%). 
 
The mean T/R ratio value for Cmax is 97.29% 
with a range of (10.17 – 280.36). The 90% 
Confidence intervals values for T/R ratio are 
(68.14– 138.91) on 16 subjects with intra-subject 
CV of 62.18.  
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In this study 16 subjects data is available for 
T/R ratios of AUC0-t. Out of 16 subjects, 07 
subjects T/R Ratio value is within 80– 125% 
(43.75%), 05 subjects data is above 
125%(31.25%), and 04 subject data is below 
80%(25 %). 
 
The mean T/R ratio value for AUC0-t is 
108.87% with a range of (59.17 – 266.15). The 
90%Confidence intervals values for T/R ratio 
are (91.91– 128.95) on 16 subjects with intra-
subject CV of 27.69. 
 
In this study 16 subjects data is available for 
T/R ratios of AUC0-inf. Out of 16 subjects , 06 
subjects T/R Ratio value is within 80– 125% 
(37.5 %), 04 subjects data is above 125%(25%), 
and 06 subject data is below 80%(37.5 %). 
 
The mean T/R ratio value for AUC0-inf is 
96.99with a range of (44.26– 303.78). The 
90%Confidence intervals values for T/R ratio 
are (77.98– 120.62) on 16 subjects with intra-
subject CV of 36.11.  
 
 
The individual subjects T/R ratios and the mean 
T/R ratio for pharmacokinetic parameter Cmax 
indicating that the rate of release of test 
product is almost similar with the reference 
product. 
 
The individual subjects T/R ratios and the mean 
T/R ratio for pharmacokinetic parameter 
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AUC0-t indicating that the extent of release of 
test product and reference product are all most 
similar. 
 
Evaluation of Study design: 
 
This product is meant for US regulatory filing. 
Hence we should meet following requirements 
for these studies. 
 
- Fasting , fed & Apple sauce studies are 
required on 10 mg ( RLD) 
- Ramipril and Ramiprilat needs to be 
estimated and bioequivalence is based on 
Ramipril data. Ramiprilat data will be 
supportive data. 
 
This fasting biostudy was conducted on 10 mg 
and only parent compound is estimated.  
 
The mean Tmax value (range) for test product is 
0.58 hr (0.33 – 1.25) and for reference product 
0.54 hr (0.25 – 1.50). The Median T max value 
for test product is 0.50 hr and for reference 
product is 0.50 hr. The sampling time points 
employed in this study satisfactorily 
characterized the Tmax values of individual 
subjects for both test and reference products. 
 
The mean t1/2 value (range) for test product is 
12.30 hr (0.28 – 70.99) and for reference 
product is 38.23 hr (0.42 – 350.70).  Further no 
pre-dose concentrations were observed in the 
second period of this study. The duration of 
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sampling time points collection and wash out 
period employed in this study are adequate 
 
The mean AUC0-t/AUC0-inf ratio value (range) 
for test product is 90.58 (56.91 – 99.65) and for 
reference product is 84.73 (23.20 – 99.48). These 
are more than 80% for all subjects in test 
treatment except sub 2, 12 &15 and reference 
treatment except sub 2, 5, 11&15. So hence the 
sampling time points and LOQ value employed 
in this study are adequately characterizing the 
Area Under the Curve. 
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TABLE 
PROJECT NO.: RMP/10C/IR/565/05 
SUMMARY OF RESULTS –  
     RAMIPRIL IN PLASMA 
RATIO ANALYSIS (N=16) 
Cmax 
(ng/ml) 
Subject 
ID Sequence Test Reference 
T/R % 
 
1 BA 21.20 14.86 142.66 
2 AB 33.87 47.38 71.49 
3 BA 34.37 27.83 123.50 
4 AB 33.58 26.35 127.44 
5 AB 67.96 24.24 280.36 
6 BA 29.96 19.93 150.33 
7 AB 25.01 65.69 38.07 
8 AB 67.28 49.64 135.54 
9 BA 32.62 48.98 66.60 
10 BA 56.29 31.41 179.21 
11 BA 59.82 39.31 152.18 
12 AB 1.99 19.57 10.17 
13 BA 67.92 36.46 186.29 
15 AB 32.90 22.36 147.14 
17 AB 27.26 32.17 84.74 
18 BA 23.85 55.25 43.17 
 N 16 16 16 
 Mean 38.49 35.09 121.18 
 SD 19.48 14.67 67.45 
 Min 1.99 14.86 10.17 
 Median 33.24 31.79 131.49 
 Max 67.96 65.69 280.36 
 CV% 50.60 41.81 55.66 
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Geometri
c Mean 31.41 32.29 97.31 
 
TABLE  
    PROJECT NO.: 
RMP/10C/IR/565/05 
SUMMARY OF RESULTS – RAMIPRIL IN 
PLASMA 
RATIO ANALYSIS (N=16) 
AUC(0-t) 
(ng.hr/ml) 
Subject 
ID Sequence Test Reference 
T/R % 
 
1 BA 10.34 11.52 89.76 
2 AB 39.29 29.69 132.33 
3 BA 13.93 19.29 72.21 
4 AB 14.90 18.71 79.64 
5 AB 36.79 30.70 119.84 
6 BA 14.56 15.39 94.61 
7 AB 14.39 24.32 59.17 
8 AB 36.98 25.28 146.28 
9 BA 25.67 25.61 100.23 
10 BA 39.09 22.18 176.24 
11 BA 37.11 49.02 75.70 
12 AB 38.51 35.55 108.33 
13 BA 47.96 18.02 266.15 
15 AB 35.26 25.37 138.98 
17 AB 20.65 18.70 110.43 
18 BA 26.05 26.53 98.19 
 N 16 16 16 
 Mean 28.22 24.74 116.76 
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 SD 12.01 8.90 50.19 
 Min 10.34 11.52 59.17 
 Median 30.65 24.80 104.28 
 Max 47.96 49.02 266.15 
 CV% 42.55 35.96 42.99 
 
Geometri
c Mean 25.47 23.40 108.87 
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                                TABLE  
PROJECT NO.: RMP/10C/IR/565/05 
SUMMARY OF RESULTS – RAMIPRIL IN 
PLASMA 
RATIO ANALYSIS (N=16) 
AUC(0-∞) 
(ng.hr/ml) 
Subject 
ID Sequence Test Reference 
T/R %
 
1 BA 10.39 11.61 89.49 
2 AB 62.24 76.71 81.14 
3 BA 14.24 20.50 69.46 
4 AB 15.31 19.48 78.59 
5 AB 37.09 50.95 72.80 
6 BA 14.99 15.47 96.90 
7 AB 14.44 24.51 58.91 
8 AB 37.31 26.13 142.79 
9 BA 25.88 25.92 99.85 
10 BA 41.13 22.30 184.44 
11 BA 40.52 69.29 58.48 
12 AB 67.67 38.45 175.99 
13 BA 56.26 18.52 303.78 
15 AB 48.40 109.35 44.26 
17 AB 21.35 20.04 106.54 
18 BA 26.37 27.48 95.96 
 N 16 16 16 
 Mean 33.35 36.04 109.96 
 SD 18.38 27.15 65.25 
 Min 10.39 11.61 44.26 
 Median 31.73 25.21 92.73 
 Max 67.67 109.35 303.78 
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 CV% 55.11 75.33 59.34 
 
Geometri
c Mean 28.50 29.38 96.99 
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                              TABLE  
         PROJECT NO.: RMP/10C/IR/565/05 
SUMMARY OF RESULTS – RAMIPRIL IN 
PLASMA 
RATIO ANALYSIS (N=16) 
AUC(0-t)/AUC(0-∞)*100      
      
Subject 
ID 
Sequence Test Reference 
1 BA 99.52 99.22 
2 AB 63.13 38.70 
3 BA 97.82 94.10 
4 AB 97.32 96.05 
5 AB 99.19 60.26 
6 BA 97.13 99.48 
7 AB 99.65 99.22 
8 AB 99.12 96.75 
9 BA 99.19 98.80 
10 BA 95.04 99.46 
11 BA 91.58 70.75 
12 AB 56.91 92.46 
13 BA 85.25 97.30 
15 AB 72.85 23.20 
17 AB 96.72 93.31 
18 BA 98.79 96.54 
 N 16 16 
 Mean 90.58 84.73 
 SD 13.86 23.86 
 Min 56.91 23.20 
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 Median 97.23 96.30 
 Max 99.65 99.48 
 CV% 15.30 28.17 
 
Geometric 
Mean 89.38 79.63 
                             
 
                              TABLE  
PROJECT NO.: RMP/10C/IR/565/05 
SUMMARY OF RESULTS – RAMIPRIL IN 
PLASMA 
RATIO ANALYSIS (N=16) 
t 1/2 
(hrs) 
Subject 
ID Sequence Test Reference 
T/R % 
 
1 BA 0.28 0.44 63.66 
2 AB 70.99 178.08 39.86 
3 BA 1.87 2.90 64.37 
4 AB 1.12 3.42 32.86 
5 AB 0.56 29.31 1.89 
6 BA 0.39 0.43 91.58 
7 AB 0.31 0.42 72.20 
8 AB 0.64 0.95 67.67 
9 BA 0.40 0.54 73.63 
10 BA 4.14 0.43 957.37 
11 BA 5.69 21.74 26.18 
12 AB 60.89 17.48 348.41 
13 BA 25.02 1.87 1339.63 
15 AB 21.59 350.70 6.16 
17 AB 2.22 1.89 117.52 
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18 BA 0.76 1.10 68.75 
 N 16 16 16 
 Mean 12.30 38.23 210.74 
 SD 22.33 94.16 380.85 
 Min 0.28 0.42 1.89 
 Median 1.49 1.88 68.21 
 Max 70.99 350.70 1339.63 
 CV% 181.46 246.28 180.73 
 
Geometri
c Mean 2.36 3.49 67.71 
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                        TABLE  
PROJECT NO.: RMP/10C/IR/565/05 
SUMMARY OF RESULTS – RAMIPRIL IN 
PLASMA RATIO ANALYSIS (N=16) 
T max (hrs) 
Subject 
ID Sequence Test Reference 
T/R % 
 
1 BA 0.50 0.33 151.52 
2 AB 0.58 0.33 175.76 
3 BA 0.42 0.50 84.00 
4 AB 0.42 0.50 84.00 
5 AB 0.66 1.00 66.00 
6 BA 0.42 0.58 72.41 
7 AB 0.50 0.33 151.52 
8 AB 0.42 0.50 84.00 
9 BA 0.66 0.33 200.00 
10 BA 0.66 0.58 113.79 
11 BA 0.50 0.50 100.00 
12 AB 1.25 0.58 215.52 
13 BA 0.33 0.25 132.00 
15 AB 0.58 1.50 38.67 
17 AB 0.50 0.42 119.05 
18 BA 0.83 0.42 197.62 
 N 16 16 16 
 Mean 0.58 0.54 124.12 
 SD 0.22 0.31 53.32 
 Min 0.33 0.25 38.67 
 Median 0.50 0.50 116.42 
 Max 1.25 1.50 215.52 
 CV% 38.00 57.19 42.96 
 
Geometric 
Mean 0.55 0.49 112.66 
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Comparative mean  plasma  Ramipril   profiles following Oral administration 
of 
Ramipril  10 mg capsules in FASTING State (N=16)
0
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m
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Time  
(hrs) 
Test 
(ng/ mL) 
Reference 
 (ng/mL) 
T/R % 
0.00 0.00 0.00 0 
0.17 0.29 1.11 25.58 
0.25 4.43 10.32 42.95 
0.33 13.71 21.58 63.53 
0.42 22.48 25.04 89.77 
0.50 24.94 25.76 96.83 
0.58 26.02 21.72 119.82 
0.66 25.21 16.98 148.46 
0.83 18.26 12.38 147.51 
1.00 13.07 8.65 151.20 
1.25 8.62 6.70 128.64 
1.50 4.42 4.95 89.32 
2.00 1.56 1.95 79.84 
2.50 0.93 1.23 75.26 
3.00 0.76 0.75 102.01 
3.50 0.64 0.53 121.67 
4.00 0.46 0.45 102.46 
5.00 0.40 0.41 98.05 
6.00 0.36 0.29 124.91 
8.00 0.27 0.25 107.66 
12.00 0.19 0.16 119.87 
24.00 0.10 0.09 106.52 
48.00 0.06 0.03 196.55 
72.00 0.02 0.00 0 
Note: The mean graph is plotted considering 12 hr time point (for X axis) 
for better visualisation of graph.
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All the Individual graphs given below have been plotted considering 12 hr 
time point (for X axis) for better visualisation of graph. 
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                       5  
                EMERGING AREAS 
 
The main issues that has arise from tremendous 
success of statistics in modern science and 
technology growth is occurring virtually in 
every direction . The increase number of 
students and various opportunities for 
collaboration has increase the size of the data 
set. The need for expanded set of the statistical 
tool from computer science and subject matter 
areas and important aspects of this growth has 
been its tremendous impact on the breath of 
research activities. We now face multitude  of 
exerting research possibilities for this century. 
Therefore in my thesis number of emerging 
areas are included such as :  
1. information technology 
2. geophysical environmental science 
3. physical science 
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5.1      
INFORMATION TECHNOLOGY 
 
The rapid rise of computing and large-scale 
data storage has impacted many human 
endeavors, sometimes in profound ways. There 
has never been a more exciting time for 
statisticians working in areas related to 
Information Technology (IT). The development 
of the web and the exponentially increasing 
capabilities of computer systems have opened up 
undreamed of possibilities for the exchange of 
information, the ability to collect and analyze 
extremely large data sets of diverse nature from 
diverse sources, and to communicate the results. 
The development of open source software 
magnifies the ability of researchers to leverage 
their talents and ideas. New challenges in 
statistical model building and learning from 
data abound. The efforts of statisticians and 
statistically trained scientists are having an 
important impact in all areas of science and 
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technology, from astronomy to biology to 
climate to communications to engineering to 
intelligence, just to name a few at the beginning 
of the alphabet. Contacts with people in other 
scientific areas invariably give rise to 
opportunities for developing new ways to 
present, model and help interpret their 
experimental/ observational/simulated data and 
to new methodology in experimental design and 
data collection. The remainder of this section 
highlights a selected set of high-impact 
areas. 
 
5.1.1 communication 
A wealth of communications records is 
generated every minute of every day. Each 
wireless and wire line call produces a record 
that reports who placed the call, who received 
the call, when and where it was placed, how long 
it lasted, and how it was paid f or. Each user 
request to download a file from an Internet site 
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is recorded in a log file. Each post to an online 
chat session in a public forum is recorded. 
                                         Such communications 
records are of interest to network engineers, 
who must design networks and develop new 
services, to sociologists, who are concerned with 
how people communicate and form social 
groups. vice providers, who need to ferret out 
fraud as quickly as possible, and to law 
enforcement and security agencies looking for 
criminal and terrorist activities. There is a host 
of challenging statistical problems that need to 
be met before the wealth of data is converted 
into a wealth of information. These include 
characterizing the probability distributions that 
describe the current behaviors of the millions of 
people generating the records, to updating the 
estimated behavior for each individual as the 
records fly by, to distinguishing the very small 
number of people with “interesting” behavior as 
early as possible. Perhaps surprisingly, these 
problems are inherently small sample, since 
most individuals do not generate huge numbers 
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of records, and, not so surprisingly, are 
complicated by severe constraints on computing 
time and space. There is much that statisticians 
can contribute to solving these problems. 
 
5.1.2  machine learning and data mining 
The line between research in machine learning 
and data mining, as carried out primarily in 
Computer Sciences departments, and research 
in non-parametric estimation, as carried out 
primarily in Statistics Departments, has 
increasingly become blurred. In fact the labels 
‘machine learning’ and ‘data mining’ are 
increasingly used by statisticians. Primary areas 
of very active research within Statistics 
Departments include new methods for 
classification, clustering, and predictive model 
building. Statisticians have been developing 
classification tools for a long time but the 
explosion in computational ability along with 
the fruits of recent research have led to some 
important new advances. One such new advance 
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in classification, taking advantage of these facts, 
is Support Vector Machines. The method is 
highly popular among computer sciences 
machine learning communities, but has greatly 
benefited from input by statisticians, who have 
contributed in important ways to understanding 
of the properties of the method. However there 
are important opportunities for further 
understanding of both the theoretical properties 
of this tool, and the most appropriate and 
efficient way to use this tool in recovering 
information from data, in a broad variety of 
contexts. 
 
5.1.3 Recent applications of support vector 
machines include: 
 Classification of micro array gene chips 
according to the type of disease carried by the 
subject donating mRNA to the chip, and 
classification of satellite radiance profiles 
according to whether and what kinds of clouds 
are present. Examples of nonparametric risk 
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factor modeling include joint risk of various 
medical outcomes, as a complex function of 
many risk factors. At a more exploratory level, 
clustering of mRNA signals by mixture modeling 
assists researchers to understand the number 
and nature of subpopulations in the data. In a 
more realistic and interpretable way, with very 
large data sets and many potential predictor or 
attribute variables. It is important to put these 
models on firm theoretical and computational 
foundations to guide the applications. 
 
5.1.4       Networks 
The study of internet traffic can be roughly 
divided into traffic measurement and modeling, 
network topology, and network tomography. All 
of these areas present large scale statistical 
challenges. Further research in measurement 
and modeling is motivated by the need to jointly 
improve quality of service and efficiency. The 
current approach to quality of service is based 
on massive over provisioning of resources, 
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which is both wasteful, and also not completely 
effective because of bursts in the traffic caused 
partly by improper protocol and routing 
procedures. Because 
many ideas for addressing these problems have 
been proposed, there is a major need for 
comparison, now done typically by simulation. 
This requires modeling, and seriously 
addressing the statistical problem of goodness of 
fit. In particular, the central question is, “How 
do we know this works like the real traffic?” 
These issues present a host of new challenges to 
statisticians and probability. Classical 
statistical approaches and techniques are 
typically rendered impractical by the 
appearance at many points of heavy tailed 
distributions (often leaving even such standard 
tools as variance and correlation useless) and 
long range dependence and non stationary (step-
ping beyond the most basic assumptions of 
classical time series). However, understanding 
and modeling variation is still of critical 
importance, so this area is a large fertile ground 
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for the development of creative new statistical 
methodologies. 
                       Network topology presents 
different types of statistical problems. Here the 
goal is to understand the connectivity structure 
of the internet. Graph theoretic notions, 
combined with variation over time, and also 
combined with sampling issues, are needed for 
serious headway in this area. Network 
tomography is about inferring structure of the 
internet, based only on the behavior of signals 
sent through it. Proper understanding, analysis, 
and modeling of the complex uncertainties 
involved in this process are important to 
headway in this area. 
 
5.1.5      Data streams 
Statistical analyses of large data sets are often 
performed in what is essentially batch mode. 
Such data sets may require years to collect and 
prepare, and the corresponding statistical 
analyses may extend over a similar period of 
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time. However, just as there exists an important 
niche in computer programming dealing with 
real-time computing and control, a rapidly 
growing niche f or statisticians exists for real-
time data mining. Such situations arise, for 
example, in remote sensing where limited 
bandwidth between an orbiting satellite and its 
ground station precludes transmission of all raw 
data. second example is commercial web sites 
such as an airline reservation sys-tem where 
detailed keystroke sequence data leading to 
actual or abortive reservations is not saved. O¤-
line statistical analyses of these streams or 
rivers of data are not possible as the raw data 
are simply not available. However, a statistical 
agent can be placed directly in the stream of 
data to detect and quantify results typical of 
modern data mining. The challenge is to create 
statistical tools that run in almost linear time, 
that is, to design tools that can run in parallel 
with the real-time stream of data. 
            For simple statistics such as sample 
moments, there are no difficulties. However, 
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these tools must be able to adapt in real-time. 
Furthermore, data mining makes use of 
virtually every modern statistical tool (e.g., 
clustering algorithms, trees, logistic regression). 
Transforming and recasting the statistical 
toolbox into this new and fundamentally 
important setting will require imagination, 
cleverness, and collaboration with algorithmic 
experts in other areas of the mathematical 
sciences. More Statisticians have played and 
continue to play an important role in other 
areas of IT, e.g., Medical Imaging, Computer 
Vision, Computer Graphics, Speech and 
Handwriting Recognition, Customer and 
Transaction Analysis, Document Organization 
and Retrieval. 
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5.1.6 Data analysis with comprehensive 
statistical software 
Solve business and research problems using 
SPSS for Windows, a statistical and data 
management package for analysts and 
researchers.  SPSS for Windows provides you 
with a broad range of capabilities for the entire 
analytical process. With SPSS, you can generate 
decision-making information quickly using 
powerful statistics, understand and effectively 
present your results with high-quality tabular 
and graphical output, and share your results 
with others using a variety of reporting 
methods, including secure Web publishing. 
Results from your data analysis enable you to 
make smarter decisions more quickly by 
uncovering key facts, patterns, and trends. An 
optional server version delivers enterprise-
strength scalability, additional tools, security, 
and enhanced performance we can use SPSS for 
Windows in a variety of areas, including: 
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Survey and market research and direct 
marketing Academia  Administrative research, 
human resources, and resource planning  
Medical, scientific, and social science research  
Planning and forecasting  Quality improvement  
Reporting and ad hoc decision making  
Enterprise-level analytic application 
development in particular, apply SPSS statistics 
software to gain greater insight into the actions, 
attributes, and attitudes of people—your 
customers, employees, students, or citizens.Add 
more functionality as you need it SPSS for 
Windows is a modular, tightly integrated, full-
featured product line for the analytical 
process—planning, data collecting, data access, 
data management and preparation, data 
analysis, reporting, and deployment. Using a 
combination of add-on modules, extensions, and 
stand-alone software that work seamlessly with 
the base product enhances the capabilities of 
this statistics software. The intuitive interface 
makes it easy to use—yet it gives you all of the 
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data management, statistics, and reporting 
methods you need to do even your toughest 
analysis. 
Enterprise-level capabilities 
 
For analytic and application developers, SPSS 
for Windows provides you with an output 
management system (OMS) and extended 
programming capabilities. The OMS enables 
you to direct your output to XML files. The 
SPSS Programmability Extension™ enables you 
to control the flow of your syntax jobs using 
external programming languages. For 
organizations that need to manage SPSS syntax 
and output files, the SPSS Adapter for 
Predictive Enterprise Services enables you to 
store and retrieve these objects through a 
central repository. Learn more about SPSS 
Predictive Enterprise Services. SPSS for 
Windows is available in English, Japanese, 
French, German, Italian, Spanish, Chinese, 
Polish, Korean, and Russian. Contact your local 
office to find out version information and more. 
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 The computer program SPSS (originally, 
Statistical Package for the Social Sciences) was 
released in its first version in 1968, and is 
among the most widely used programs for 
statistical analysis in social science. It is used by 
market researchers, health researchers, survey 
companies, government, education researchers, 
and others. In addition to statistical analysis, 
data management (case selection, file reshaping, 
creating derived data) and data documentation 
(a metadata dictionary is stored with the data) 
are features of the base software. 
                     The many features of SPSS are 
accessible via pull-down menus (see image) or 
can be programmed with a proprietary 4GL 
"command syntax language". Command syntax 
programming has the benefits of reproducibility 
and handling complex data manipulations and 
analyses. The pull-down menu interface also 
generates command syntax, though, by default, 
this is invisible to the user. Programs can be run 
interactively, or unattended using the supplied 
Production Job Facility. Additionally a "macro" 
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language can be used to write command 
language subroutines and SAX Basic "scripts" 
can access the information in the data 
dictionary and manipulate the default output. 
Scripts will be gradually replaced by the more 
functional Python programmability extension. 
                   SPSS places constraints on internal 
file structure, data types, data processing and 
matching files, which together considerably 
simplify programming. SPSS datasets always 
have 2-dimensional table structure where the 
rows typically represent cases (such as 
individuals or households) and the columns 
represent measurements (such as age, sex or 
household income). Only 2 data types are 
defined, numeric and text (or "string"). All data 
processing occurs sequentially case-by-case 
through the file. Files can be matched one-to-
one and one-to-many, but not many-to-many.   
Different versions of SPSS are available for 
Windows, Mac OS X and Unix. The Windows 
version is updated more frequently, and has 
more features, than the versions for other                  
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operating system . SPSS can read and write data 
from ASCII text files (including hierarchical 
files), other statistics packages, spreadsheets 
and databases. SPSS can read and write to 
external relational database tables via ODBC 
and SQL. 
Statistics included in the base software: 
Descriptive statistics: Cross tabulation, 
Frequencies, Descriptives, Explore, Descriptive 
Ratio Statistics  
Bivariate statistics: Means, t-test, ANOVA, 
Correlation (bivariate, partial, distances), 
Nonparametric tests Prediction for numerical 
outcomes: Linear regression Prediction for 
identifying groups: Factor analysis, cluster 
analysis (two-step, K-means, hierarchical), 
Discriminant  Add-on modules provide 
additional capabilities. The available modules 
are: 
SPSS Programmability Extension (added in 
version 14). Allows Python programming 
control of SPSS.  SPSS Data Validation (added 
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in version 14). Allows programming of logical 
checks and reporting of suspicious values.  
SPSS Regression Models - Logistic regression, 
ordinal regression, multinomial logistic 
regression, and mixed models (multilevel 
models). SPSS Advanced Models - Multivariate 
GLM and repeated measures ANOVA (removed 
from base system in version 14). SPSS 
Classification Trees. Creates classification and 
decision trees for identifying groups and 
predicting behaviour. SPSS Tables. Allows user-
defined control of output for reports.  
 
SPSS Exact Tests. Allows statistical testing on 
small samples.  SPSS Categories  SPSS Trends™  
SPSS Conjoint  SPSS Missing Value Analysis. 
Simple regression-based imputation. SPSS Map  
SPSS Complex Samples (added in Version 12). 
Adjusts for stratification and clustering and 
other sample selection biases.  
                                  SPSS Server is a version 
of SPSS with a client/server architecture. It has 
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some features not available in the desktop 
version, one example is scoring functions. 
 
 
5.2  
STATISTICS IN GEOPHYSICAL 
AND ENVIRONMENTAL 
SCIENCE 
 
Background 
The term ‘geophysical and environmental 
sciences’ covers many specific fields of study, 
particularly if environmental sciences is taken 
to include the study of ecological phenomena 
and processes. This broad area of statistical 
activity does not have an easily summarized 
history, nor a simple pattern of development. 
Indeed, the history of statistical work in the 
geophysical and environmental sciences is 
intertwined with fields as diverse as agriculture, 
basic biology, civil engineering, atmospheric 
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chemistry, and ecology, among others. Rather 
than give a broad and necessarily incomplete 
survey of areas in which statistics has had, and 
continues to have, an impact, this presentation 
focuses on topics that illustrate several aspects 
of the interplay between statistics and other 
scientific disciplines. In particular, examples 
have been chosen to illustrate the tandem use of 
deterministic process models and stochastic 
models, the use of models for correlated data in 
the detection of change in environmental 
processes, and the role of statistical thinking in 
scientific conceptualization. Deterministic 
Process Models and Stochastic Models  A 
substantial amount of emphasis is now being 
placed on the tandem use of deterministic 
process models and statistical models. Process 
models have typically taken fundamental 
scientific concepts such as mass balance in 
chemical constituents as a foundation, and built 
up more elegant mathematical structures by 
overlaying equations that represent physical 
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and chemical interactions, often in the form of 
sets of differential equations. 
                                       Statistical models, on 
the other hand, typically rely on the description 
of observed data patterns as a fundamental 
motivation for model development. Increasingly, 
there is recognition that ones understanding of 
many geophysical and environmental processes 
can be advanced by combining ideas from these 
two modeling approaches. One method that has 
been used to combine process and statistical 
models is to use the output of deterministic 
models as input information to a stochastic 
formulation. An example, is the analysis of 
bivariate time series representing northern and 
southern hemispheric temperature averages. 
Along with traditional use of linear trend terms 
and covariate information the outputs from 24 
deterministic climate models were considered 
for their ability to describe hemispheric mean 
temperatures over the period 1900 to 1996. As 
an example of the results, the raw data for both 
hemi-spheres with both a fitted straight line and 
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the estimated trend curve arising from a 
combination of climate forcing factors (i.e., 
climate model output) It is visually obvious, and 
the Observed temperature anomalies for 
northern (NH) and southern (SH) hemispheres, 
with fitted straight lines (dashed lines) and 
estimated trends (solid curves) due to 
combination of climate forcing factors and 
ENSO. From Smith et al. (2001). detailed 
statistical analysis confirms, that the latter 
trend curve suits the data much more closely 
than a simple straight line regression. This ex- 
ample demonstrates the use of a statistical 
analysis to provide evidence about which factors 
are important for inclusion in process models, 
as well as providing a description of observed 
data. 
Another method for incorporating statistical 
and deterministic modeling approaches is 
illustrated by recent work on ocean surface 
wind speeds authored by statisticians associated 
with the Geophysical Statistics Project at the 
National Center for Atmospheric Research 
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(NCAR) and an oceanographer. Data were 
obtained from two sources. One is satellite data 
that arise from the ISRO scatter meter  
instrument. These data are high-resolution but 
of sparse spatial coverage. The second source of 
data is so-called analyses produced by a global-
scale numerical weather prediction model of the 
Center for Environmental Prediction . These 
data are complete in the sense that each six-
hour observation covers the whole region, but is 
of much lower spatial resolution than the 
NSCAT measurements. Statistical analysis of 
these data requires techniques beyond standard 
spatial and spatiotemporal statistics. In addition 
to both temporal and spatial components, the 
analysis must accommodate several sources of 
data that are dissimilar in resolution and scales 
of coverage, with a goal of  viding a faithful 
representation of wind speed over the entire 
region for each six-hour period. 
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5.2.1 Correlated Data and Environmental 
Trends 
Many environmental problems involve the 
detection and estimation of changes over time. 
For example, an environmental monitoring 
agency such  uses trend estimates to assess the 
success of pollution control programs and to 
identify areas where more stringent controls are 
needed. In climate modeling, a major 
preoccupation is to determine whether there is 
an overall trend in the data, not only for widely 
studied variables such as the global mean 
temperature but also for numerous other 
variables where the conclusions are less clear 
cut. For statisticians, the estimation of trend 
components with correlated errors is a problem 
with a long history, and much of this work 
involved substantial interaction between 
statisticians and geophysical and environ-
mental scientists.  A long collaboration between 
statisticians and geophysicists has resulted in a 
series of papers on the detection of change in 
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stratospheric ozone in which a large number of 
models with correlated errors are considered. 
This research, consisting largely of papers with 
a statistician as lead author but appearing in 
journals outside of the mainstream statistical 
outlets, is an excellent illustration of the 
outreach of statistics to other scientific fields. 
Numerous authors working on problems from 
the atmospheric sciences have also considered 
models with correlated errors and, in 
particular, have examined how the conclusions 
about climate change vary with different 
assumptions about the error process. Such 
assumptions include time series models with 
long-range dependence, and models using 
spectra derived from climate model dynamics. 
Other workers have presented an alternative 
approach using wavelet representations of long-
range dependent processes, and continuing work 
in this area illustrates the feedback that 
consideration of the important scientific 
problem of climate change has on the 
development of new statistical representations 
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for environmental processes. Recent work, 
authored by statisticians but published in the 
meteorology literature, has taken statistical 
models for long-range dependent processes 
developed largely in the analysis of problems 
from economics and applied them to wind speed 
and direction. This illustrates the role of 
statistics in the transfer of methodology from 
one discipline (in this case, economics) to 
another (meteorology) that may have otherwise 
remained unaware of its applicability to their 
problems. 
 
5.2.2  Statistical Modeling and Scientific       
 
It is common for changes in environmental data 
records to be conceptualized within statistical 
framework of signal plus noise. Indeed, this is 
the case for many of the models discussed above, 
in which various forms are given to the signal 
(or systematic) and noise (or error) components 
of the models to better represent the processes 
under study. Consideration of a signal plus 
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noise structure in the analysis of water 
chemistry variables has led many limnologists to 
conclude that the data records observed contain 
a small signal component embedded in a large 
noise component. But this concept can lead to 
difficulties, as illustrated by considering records 
of Secchi depth (a measure of water 
transparency) for Lake Washington in the 
world.  The panel on the left displays a sequence 
of values that clearly indicates an increasing 
trend. But, when these values are embedded in a 
slightly longer sequence of observations in the 
right panel, we can see that this change is not 
meaningful in terms of determining 
whether a substantial change has occurred in 
the basic character of the lake. Nevertheless, it 
is difficult to accept that the values from mid-
1980 to early 1981 are a realization of noise 
component alone. In this example, the 
environmental processes of interest may be 
better conceptualized as consisting of a number 
of layers of processes, each of which may 
contain its own noise component. A model for 
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this situation has been formulated as an 
extension of a Bayesian dynamic model. The 
model consists of three conceptual processes, an 
observational process, a current condition 
process, and a lake function process, which is of 
greatest interest in monitoring water quality. 
The model can be shown to clearly detect 
changes in the lake function process for Lake 
Washington at three times between 1960 and 
1990; those times correspond to three known 
events that have impacted the basic character of 
Lake Washington. Here, statistical methods 
have helped in the conceptualization of an 
environmental situation for which the 
development of process models is prohibitively 
complex. That is, the three processes used in the 
dynamic model do not correspond to physical or 
chemical mechanisms, but rather to scientific 
conceptualization of environmental processes, in 
a manner similar to that of the fundamental 
limnological concept of lake tropic status. 
Another example in which statistics has aided in 
the development of scientific c thinking is the 
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analysis of cycles in the populations of Canadian 
lynx and snowshoe hare, and a series of papers 
dealing with this have appeared in the 
Proceedings of the National Academy of Science 
and Science. Here collaboration between 
statisticians and ecological scientists has 
resulted in a strengthening of scientific theory. 
A number of concepts have been developed 
through this work, including the relation 
between auto regression order of a statistical 
model and the complexity of feedback systems 
between species (i.e., lynx and hare) and the 
idea that population cycles may exhibit spatial 
synchrony. In particular, researchers analyzed 
21 time series of lynx populations spanning the 
period 1821 to the 1990s. They employed 
nonlinear auto regressive processes of order 2, 
and combined series through random 
coefficients and empirical Bayes estimation. 
Having developed good statistical descriptions 
of the observed data, they then derived 
equivalent forms of pure mathematical models 
in theoretical population ecology. Depending on 
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one’s perspective, the mathematical models of 
population dynamics give meaning to the 
statistical models used, or the statistical models 
have helped guide the development of 
theoretical descriptions of populations. This 
work resulted in a demonstration of the inter-
relation of density dependence and phase 
dependence in population cycles. Other 
directions and future possibilities. many of the 
major components of the geophysical and 
environmental sciences such as meteorology, 
oceanography, seismology, the detection and 
attribution of climate change, and the 
dispersion of pollutants through the 
atmosphere. 
                                             Statisticians have 
been actively involved in all of these fields, but 
as statistical methodology has advanced to 
include, for example, complex models for 
spatial-temporal data and the associated 
methods of computation, the potential for direct 
interactions between statisticians and 
geophysical and environmental scientists has 
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increased enormously. Traditional methods of 
multivariate analysis and spatial statistics rely 
heavily on matrix computations which are 
infeasible in very large dimensions; this has 
provoked research on methods which perform 
well in such situations and that are 
computationally efficient with large data sets. 
Much statistical effort has recently been 
devoted to the development of models and 
methods appropriate for the analysis of large-
scale spatial and temporal data sets; the model 
described above for ocean wind speed data is 
just one instance of new statistical methodology 
developed in response to these problems. 
Modeling approaches that are being developed 
for use in such situations include hierarchical 
forms of geo statistical models and general 
mixture models based on lattice structures. 
Another major area of research is on non 
stationary spatial models including methods to 
represent a non stationary process using a 
deformation of space that results in stationarity, 
models defined by kernel smoothing of an 
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underlying random field, and models defined by 
multi resolution bases. The design of monitoring 
networks is another area with a large literature. 
Design problems, such as the locations at which 
samples should be taken when it is possible to 
take only a small number of measurements in a 
large complex system, are also relevant in the 
context of data assimilation. One expects to see 
a huge growth in the analysis of data from 
numerical environmental models, and direct 
interaction with applied mathematicians and 
subject-matter scientists in the development of 
such models. Models of the kind we are thinking 
about arise in climatology and numerical 
weather forecasting; the modeling of 
atmospheric pollutants; and modeling flow in a 
porous medium. This topic is the subject of 
forthcoming program at the Statistical and 
Applied Mathematical Sciences Institute  in 
2003 and is likely to be a very large subject for 
future research. Statisticians have also been 
active in addressing questions of ecological 
concern, although the fundamental statistical 
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questions in ecological analyses are less evident 
than they are for modeling environmental 
processes in space and time. Thus, statistical 
contributions tend to be more scattered, and 
there are few long-term collaborative teams of 
ecologists and statisticians. Historically, 
statisticians have made contributions to 
sampling problems in ecological field studies, 
the assessment of population estimation, and 
analysis of community composition.  With 
increased emphasis on the assessment of 
biodiversity as a far-reaching issue with both 
scientific and social implications this area is 
ripe for both application and stimulation of 
statistical research. The emergence of what is 
often called landscape ecology brings with it a 
broadening of spatial extent for the 
consideration of ecological questions and, here 
too, there is both a need and opportunity for 
increased statistical activity. 
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5.3 STATISTICS AND PHYSICAL 
SCIENCES 
Historically, astronomy is one of the first and 
most important sources of inspiration for, and 
application of, statistical ideas. In the 18th 
century astronomers were using averages of a 
number of measurements of the same quantity 
made under identical conditions. This led, at the 
beginning of the 19th century , to the method of 
least squares. Astronomy has expanded 
enormously both in the size and complexity of 
its data sets in recent years in order to estimate 
the Big Bang cosmological parameters from the 
anisotropic clustering of galaxies, the 
fluctuation spectrum of the cosmic microwave 
background radiation, etc. A host of other basic 
statistical problems arises from the Virtual 
Observatory, a federation of multi-terabyte 
multi-wavelength astronomical survey data 
bases. Despite the common origins of statistics 
and astronomy, and our mutual interest in data 
analysis, only very recently have there been 
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substantial collaborations between statisticians 
and astronomers.  This longstanding gap 
between the fields of statistics and astronomy ex 
amplifies a common pattern in the physical 
sciences. Statistics works by the efficient 
accrual of evidence from noisy individual 
information sources.  as “noisy fields first”: 
vital statistics, economics, agriculture, 
education, psychology, medical science, genetics, 
and biology. The “hard sciences” earned their 
name from the almost perfect signal-to-noise 
ratios attain-able in classical experimentation, 
so it is understandable that they have proved 
the most resistant to statistical methodology. 
However, recent trends are softening the hard 
sciences, and so there is an increasing need for 
statistical principles and methods. Technology 
now enables bigger and more ambitious data-
gathering projects such as those of the Sudbury 
neutrino observatory and the Wilkinson 
microwave anisotropy probe. These projects 
must extract crucial nuggets of information 
from mountains of noisy data. (The signal-to-
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noise ratio at Sudbury is less than one in a 
million.) Unsurprisingly, statistical methods 
play a big, sometimes crucial role in these 
projects. To illustrate the promising future role 
of statistics in the physical sciences, we over 
three brief statistics-intensive examples, from 
particle physics, chemical spectroscopy, and 
astronomy. Confidence Intervals in Particle 
Detection .The following situation arises in the 
search for elusive particles: a detector runs for 
a long period of time, recording x interesting 
events; a similar run with the elusive particles 
shielded out yields a "background" count of y 
events. What is an upper confidence limit for 
the true rate of the particles of interest? 
Statistical issues become particularly sensitive if 
y exceeds x, so that the unbiased rate estimate is 
actually negative. The question then is whether 
the upper confidence limit is sufficiently 
positive to encourage further detection efforts. 
Even in its simplest form–actual situations can 
involve much more elaborate background 
corrections–this problem has attracted 
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widespread interest in the physics community. A 
much-quoted reference is Feldman and Cousins’ 
1998 Physical Review D article (p. 3873-3889). 
Louis Lyons, professor of physics at Oxford, has 
organized a September 2003 conference at the 
Stanford Linear Accelerator Center devoted to 
statistical problems in particle physics, 
astrophysics, and cosmology . 
 
5.3.1 Comparative Experiments in Chemical 
Spectroscopy 
 
Richard Zare, of the Stanford chemistry faculty, 
has developed an advanced class of mass 
spectrometers, able to simultaneously time the 
fights of large volumes of massive particles. 
This permits comparisons between collections of 
particles obtained under different conditions, 
for example complex molecules grown in 
different chemical environments. A typical 
spectrum consists of particle counts in binned 
units of time, perhaps 15,000 bins in a typical 
run. Comparing two such spectra, that is 
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looking f or bins with significant count 
differences between the two conditions, is an 
exercise in simultaneous hypothesis testing. 
With 15,000 bins, the simultaneity is massive. 
Statistical methodology originally developed for 
micro array analysis can be brought to bear on 
spectroscopy comparisons, but the relation 
between time bins is unlike that between genes, 
suggesting that new methodology will be needed. 
 
5.3.2   Survival Analysis and Astronomy 
 
In a spectacular example of parallel 
development, astronomy and bio-statistics 
invented closely related theories for dealing 
with missing data, the field called "survival 
analysis" in the statistics literature. The reasons 
for the missing ness were different: astronomers 
are earth-bound so they cannot observe events 
too dim or too far away, leading to data 
"truncation". Data "censoring" occurs in 
medical trials when subjects fail to record a key 
event, such as relapse or death, before the end 
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of the trial. Lynden-Bell’s method and the 
Kaplan-Meier estimate, the astronomy and 
statistics solutions to the missing data problem, 
are essentially the same. Mutual awareness did 
not occur until the 1980’s. An influential series 
of joint astronomy-statistics conferences 
organized at Penn State by Babu and Feigelson 
have led to collaborations and progress in the 
statistical analysis of astronomical data. For 
example, the extra-galactic origin of gamma-ray 
bursts was demonstrated via survival analysis 
before the bursts could be identified with 
specific physical sources. 
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                                                   6 
 
   STATISTICAL EDUCATION 
 
   
6.1 BAROMETER OF INDIAN 
EDUCATION  
                                                                                                                  
India is home to 17% of World’s total 
population accommodated in an area of2.4% of 
the World’s total area. As against 2820 
languages in the entire world, as many as 325 
languages are effectively used in India alone. 
After every 8-10 Kms, local dialects change in 
India. The country has witnessed phenomenal 
educational development – both in quantitative 
and qualitative terms, since independence. 
However, the national goals of universal 
elementary education and total eradication of 
illiteracy have still remained elusive. The 
Government is committed to achieving these 
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national goals and has been steadily increasing 
the budgetary allocation for education. The 
country has also made significant strides in 
higher and technical education. India spent 
4.11% of its GDP on education during 2000-
2001 but about 44% of its adult population still 
remains to be made literate. Sub-Table –I 
compares the population, area, density, literacy 
rates and level of public expenditure on 
education in India and some of our neighboring 
countries. Afghanistan with 63.75% adult 
illiterates is at the top, closely followed by 
Bangladesh, Nepal and Pakistan. Population, 
area , density , literacy & public expenditure in 
India and some neighboring countries  
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SOURCE: Statistical Yearbook, 1999 UNESCO & Census of India 2001- 
Provisional population totals 
 
 
 
 
 
 
6.1.1     Expenditure on Education 
 
Table -II depicts the expenditure on education 
in India during the period 1951-52 to 2000-2001. 
The expenditure on the education sector was 
slightly less than 1% of the GDP in 1951-52. The 
%age expenditure to GDP shows an irregular 
rise and fall. It rose to 2.33% in 1972-73 but in 
1973-74 declined to 2.15%. It increased to 
3.07% in 1979-80 and decreased to 2.83% in 
1981-82. Continuing to rise and fall , it has 
reached a level of 4.11% in 2000-2001. Similarly  
Particulars Population ( 
millions 
2000) 
Area (sq.km)  Density Percentage  
area to world 
Percentage 
population to 
world 
Percentage of 
adult illiterate 
population 
2000 
Public expr. 
On 
education 
as % of 
GNP 1996 
World 6055.0 135604354 45 100 100 NA NA 
Afghanistan 21.2 652090 33 0.48 0.35 63.7 NA 
Bangladesh 129.2 143998 897 0.11 2.13 59.2 2.2 
China 1277.6 9596961 133 708 21.10 15.0 2.3 
India 1027 316641 324 2.40 16.96 44.2 3.2 
Indonesia 212.1 1904569 111 1.40 3.50 13.0 1.4 
Japan 126.9 377801 336 0.28 2.10 NA 3.6 
Myanmar 46.4 676578 69 0.50 0.77 15.3 1.2 
Nepal 22.5 140797 160 0.10 0.37 58.6 32 
Pakistan 156.5 796095 197 0.59 2.58 56.7 2.7 
Srilanka 18.8 65610 286 0.05 0.31 8.4 3.4 
Statistics challenges and opportunities for the twenty first century 
 237
the percentage of expenditure on education and 
training to total expenditure of all sectors 
during the last five decades indicates that it has 
increased from 7.92% in 1951-52 to 13.55% in 
2000-2001 i.e. by 6.37 percentage points during 
the last five decades. This translates to an 
annual growth rate of 0.13% during the period 
1951- 52 to 2000-2001.  
 
 Expenditure on education in India 
 
 
Year Total expr. 
On 
education & 
trg.(rev) 
Total expr. 
On all 
section 
(rev) 
GDP at 
current 
price(at 
factor 
cost) 
base year 
1993-94 
% of 
education 
exp to all 
sectors 
exp 
% of 
education 
exp. To 
GDP 
1951-52 64.46 814.13 10080 7.92 0.64 
1952-53 72.26 857.67 9941 8.43 0.73 
1953-54 80.06 908.20 10824 8.82 0.74 
1954-55 95.82 973.74 10168 9.84 0.94 
1955-56 118.39 1111.26 10332 10.65 1.15 
1956-57 132.88 1158.01 12334 11.47 1.08 
1957-58 150.26 1416.62 12610 10.61 1.19 
1958-59 173.78 1594.36 14106 10.90 1.23 
1959-60 207.59 1770.06 14816 11.73 1.40 
1960-61 239.56 1997.93 16220 11.99 1.48 
1961-62 260.30 2225.40 17116 11.70 1.52 
1962-63 278.76 2942.67 18302 9.47 1.52 
1963-64 313.93 3488.97 20916 9.00 1.50 
1964-65 369.29 3844.91 24436 9.60 1.51 
1965-66 432.61 4404.82 25586 9.82 1.69 
1966-67 487.83 5100.24 29123 9.56 1.68 
1967-68 593.14 5619.77 34225 10.55 1.73 
1968-69 649.13 6922.67 36092 9.38 1.80 
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1969-70 760.23 7908.07 99691 9.61 1.92 
1970-71 892.36 8787.12 42222 10.16 2.11 
1971-72 1011.07 10160.89 44923 9.53 2.25 
1972-73 1150.44 11863.56 49415 9.70 2.33 
1973-74 1300.72 12884.48 60560 10.10 2.15 
1974-75 1570.67 14625.03 71283 10.74 2.20 
1975-76 1849.47 17958..99 75709 10.30 2.44 
1976-77 2039.09 20482.83 81381 9.96 2.51 
1977-78 2630.60 22666.31 92881 11.61 2.83 
1978-79 2994.69 26134.84 99823 11.46 3.00 
1979-80 3347.57 30915.39 108927 10.83 3.07 
1980-81 3884.20 36398.39 130178 10.67 2.98 
1981-82 4435.29 43996.18 152056 13.17 2.92 
1982-83 5509.17 61889.25 169525 12.52 3.25 
1983-84 6229.53 69025.45 198630 10.07 3.14 
1984-85 7455.88 67091.41 222705 10.80 3.35 
1985-86 8713.02 80454.66 249547 12.99 3.49 
1986-87 9479.13 92518.38 278258 11.78 3.41 
1987-88 11798.35 107543.75 315993 12.75 3.73 
1988-89 14069.82 126045.97 378491 13.08 3.72 
1989-90 17192.50 146711.53 438020 13.64 3.93 
1990-91 19615.85 170370.38 510954 13.32 3.84 
1991-92 22394.69 190327.45 589086 13.14 3.80 
1992-93 25030.30 218535.15 673221 13.15 3.72 
1993-94 28279.69 251691.92 781354 12.94 3.62 
1994-95 32606.22 286194.55 917058 12.95 3.56 
1995-96 38178.09 329389.92 1073271 13.34 3.56 
1996-97 43896.48 380728.45 1243546 13.33 3.53 
1997-98 48551.14 439768.11 1390042 12.75 3.49 
1998-99 61578.91 527303.29 1616033 14.00 3.81 
1999-00 77056.3(RE) 574436.07 1786459 14.61 4.31 
 
 
 
 
 
 Educational Institutions 
 
There has been a considerable increase in the 
spread of educational institutions during the 
period 1950-51 and 2000-2001. This is evident 
from Table-III. During the last five decades the 
number of Primary Schools increased by 3 
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times, while the Upper Primary Schools and Hr. 
Secondary Schools increased by 15 and 17 times 
respectively. The number of Colleges for general 
education and professional education increased 
by about 21 and 11 times respectively while the 
number of Universities increased by 9 times 
during the period. 
 
6.1.2 Growth of recognised educational 
institutions from 1955-56 to 
2000-2001 
 
year Primary 
y 
Upper 
primary 
High/hr 
sec./inter/JR. 
college 
College 
for 
general 
education 
College for 
professional 
education 
Universities 
1955-
56 
278135 21730 16838 466 218 31 
1960-
61 
330399 49663 17329 967 852 45 
1965-
66 
391064 75798 27614 1536 770 64 
1970-
71 
308378 90621 37051 2285 992 82 
1975-
76 
454503 10657 43054 3667 3276 101 
1980-
81 
528872 118555 51573 3421 3454 110 
1985-
86 
560935 134846 65837 4067 1533 126 
1990-
91 
566744 151486 79796 4862 886 184 
1992-
93 
571248 155926 82576 5058 950 196 
1993-
94 
570455 158498 84608 5334 989 207 
1994-
95 
586810 162804 89226 5639 1125 213 
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1995-
96 
593410 168722 94946 6089 1230 219 
1996-
97 
598354 174145 99274 6569 1354 226 
1997-
98 
610763 176772 102813 6759 1770 228 
1998-
99 
626737 185506 107100 7199 2075 229 
1999-
00 
641695 190166 112438 7494 2113 237 
2000-
01 
638738 198004 116820 7782 2124 244 
 
 
Growth of Enrolment 
 
 
Table-IV presents the growth of sex-wise school 
enrolment in different stages of school 
education from 1950-51 to 2000-2001. The total 
enrolment at the primary, upper primary, 
Secondary and Sr. Secondary stages in the last 
five decades increased by 6, 13 and 19 times 
respectively. The girls’ enrolment increased by 
9, 35 and 56 times respectively during the same 
period in the above institutions. 
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Enrolment by stages from 1950-51 TO 2000-2001 (iN 
MILLION) 
 
 
Year 
 
 Primary( 1 – 5 )  
Boys       Girls  
Total 
Middle/upper  
primary( 6 – 8 )  
Boys     Girls  
Total 
High/Hr sec/inter 
pre degree(9 – 12 
)    Boys     Girls  
Total  
1950-
51 
13.8 5.4 19.2 2.6 0.5 3.1 1.3 0.2 1.5 
1955-
56 
17.1 7.5 24.6 3.8 1.0 4.8 2.2 0.4 2.6 
1960-
61 
23.6 11.4 35.0 5.1 1.6 6.7 2.7 0.7 3.4 
1965-
66 
32.2 18.3 50.5 7.7 2.8 10.5 4.4 1.3 5.7 
1970-
71 
35.7 21.3 57.0 9.4 3.9 13.3 5.7 1.9 7.6 
1975-
76 
40.6 25.0 65.6 11.0 5.0 16.0 6.5 2.4 8.9 
1980-
81 
45.3 28.5 73.8 13.9 6.8 20.7 7.6 3.4 11.0 
1985-
86 
52.2 35.2 87.4 17.7 9.6 27.1 11.5 5.0 16.5 
1990-
91 
57.0 40.4 97.4 21.5 12.5 34.0 12.8 6.3 19.1 
1991-
92 
58.6 42.3 100.9 22.0 13.6 35.6 13.5 6.9 20.4 
1992-
93 
57.9 41.7 99.6 21.2 12.9 34.1 13.6 6.9 20.5 
1993-
94 
55.1 41.9 97.0 20.6 13.5 34.1 13.2 7.5 20.7 
1994-
95 
60.0 45.1 105.1 22.1 14.3 36.4 14.2 7.9 22.1 
1995-
96 
60.9 46.2 107.1 22.7 14.8 37.5 14.6 8.3 22.9 
1996-
97 
62.5 47.9 110.4 24.7 16.3 41.0 17.2 9.8 27.0 
1997-
98 
61.2 47.5 108.7 23.7 15.8 39.5 17.1 10.2 27.2 
1998-
99 
62.7 48.2 110.9 24.0 16.3 40.3 17.3 10.5 27.8 
1999-
00 
64.1 49.5 113.6 25.1 17.0 42.1 17.2 11.0 28.2 
2000-
01 
64.0 49.8 113.8 25.3 17.5 42.8 16.9 10.7 27.6 
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Girls Enrolment  
 
 
The participation of girls at all stages of 
education has been increasing steadily through 
the years as may be seen from Sub-Table-V. 
During the last five decades the girl’s 
participation has increased in Primary, Middle, 
Sec./hr Sec stages and Hr. Education levels from 
28.1% to 43.7%, from16.1% to 40.9%, from 
13.30% to 38.6%, and from 10.0% to 36.89% l 
respectively. However, the girl’s participation is 
still below fifty per cent at all stages of 
education. 
 
 
Percentage of girls enrolment to total enrolment by 
stages. 
 
 
Year Primary         
(1 –5) 
Middle          
( 6 – 8 ) 
Sec / hr 
sec / 10+2 
/ inter 
Hr 
education ( 
degree & 
above level 
) 
1950-51 28.1 16.1 13.3 10.0 
1955-56 30.5 20.8 15.4 14.6 
1960-61 32.6 23.9 20.5 16.0 
1965-66 36.2 26.7 22.0 20.4 
1970-71 37.4 29.3 25.0 20.0 
1975-76 38.1 31.3 26.9 23.2 
1980-81 38.6 32.9 29.6 26.7 
1985-86 40.3 35.6 30.3 33.0 
1990-91 41.5 36.7 32.9 33.3 
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1991-92 41.9 38.2 33.8 32.3 
1992-93 42.6 38.8 33.9 32.2 
1993-94 42.7 39.1 34.3 33.5 
1994-95 42.9 39.3 35.9 34.0 
1995-96 43.1 39.5 36.1 37.2 
1996-97 43.4 39.8 36.2 38.2 
1997-98 43.6 40.1 37.1 34.8 
1998-99 43.5 40.5 37.8 38.8 
1999-00 43.6 40.4 38.9 39.9 
2000-01 43.7 40.9 38.6 36.9 
 
6.1.3     Teachers 
 
A teacher is one who teaches/instructs a group 
of pupils(students)pursuing a course in an 
educational institution. Sub-Table-VIII shows 
the substantial increase in the number of 
teachers from 1950- 51 in all types of schools. 
The total number of teachers increased from 
7.51 lakhs in 1950-51 to 49.83 lakhs in 2000-
2001 i.e. by more than six times while the 
number of female teachers increased from 1.15 
lakhs in 1950-51 to 17.58 lakhs in 2000-2001 i.e. 
by fifteen times. During 2000-2001, the 
percentage of female teachers to total teachers 
was 35.60% in primary schools, 38.15% in 
Upper Primary Schools and 32.76% in High and 
Sr. Secondary Schools. 
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Teachers by type of schools from 1950-1951 TO 2000-
2001  
 
      
Primary Upper primary High / hr secondary Year 
Male Female Total Male Female Total Male Female Total 
1950-
51 
456 82 538 73 13 86 107 20 127 
1955-
56 
574 117 691 132 19 151 155 35 190 
1960-
61 
615 127 742 262 83 345 234 62 296 
1965-
66 
764 180 944 389 139 528 368 111 479 
1970-
71 
835 225 1060 463 175 638 474 155 629 
1975-
76 
955 283 1248 554 224 778 559 200 759 
1980-
81 
1021 342 1363 598 253 851 669 257 920 
1985-
86 
1094 402 1496 663 305 968 793 339 1132 
1990-
91 
1143 473 1616 717 356 1073 917 417 1334 
1991-
92 
1152 492 1644 714 365 1079 931 450 1381 
1992-
93 
1137 514 1651 709 376 1085 941 454 1395 
1993-
94 
1110 513 1623 723 406 1124 953 492 1445 
1994-
95 
157 531 1688 746 410 1156 986 495 1481 
1995-
96 
1176 558 1734 758 424 1182 1030 519 1549 
1996-
97 
1205 585 1790 768 428 1196 1003 539 1542 
1997-
98 
1229 643 1872 775 437 1212 985 536 1521 
1998-
99 
1246 658 1904 814 463 1278 1168 579 1747 
1999-
00 
1236 683 1919 829 469 1298 1142 578 1720 
2000-
01 
1221 675 1896 820 506 1326 1184 577 1761 
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6.1.4  Educational indicators gross enrolment 
ratio: 
 
Gross Enrolment Ratio ( GER ) is defined as the 
percentage of the enrolment in the Primary (classes I-
V) and Upper Primary (Classes VI –VIII) and/or I-
VIII to the estimated child population in the age groups 
6 to below 11 years and 11 to below 14 and/or 6 to 
below 14 years respectively. Enrolment in these stages 
includes under-age and over-age children. Hence the 
total percentage may be more than 100% in some 
cases. The gross enrolment ratios for the age group 6 to 
below 11 years, 11 to below 14 years and 6 to below 14 
years in respect of all categories of students are 
presented. 
 
 
GROSS ENROLMENT RATIOS ( GER) 
 
Primary ( 1 – 5 ) Upper primary ( 6 
– 8 )  
Elementary ( 1 – 8 
) 
Year 
Boys Girls Total Boys Girls Total Boys Girls Total 
1950-
51 
60.6 24.8 42.6 20.6 4.6 12.7 46.4 17.7 32.1 
1960-
61 
82.6 41.4 62.4 33.2 11.3 22.5 65.2 30.9 48.7 
1970-
71 
45.5 60.5 78.6 46.5 20.8 33.4 75.5 44.4 61.9 
1980-
81 
45.8 64.1 80.5 54.3 28.6 41.9 82.2 52.1 67.5 
1990-
91 
114.0 85.5 100.1 76.6 47.0 62.1 100.0 70.8 86.0 
1991-
92 
112.8 86.9 100.2 75.1 49.6 61.4 101.2 73.2 87.7 
1992-
93 
45.0 73.5 84.6 72.5 48.9 67.5 87.7 65.7 77.2 
1993-
94 
40.0 73.1 81.9 62.1 45.4 54.2 80.2 63.7 72.3 
1994-
95 
46.6 78.2 87.7 68.9 50.0 60.0 87.2 68.8 78.4 
1995-
96 
47.1 79.4 80.6 67.8 49.8 59.3 86.9 69.4 78.5 
1996- 98.7 81.9 90.6 70.9 52.8 62.4 88.9 71.8 80.7 
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97 
1997-
98 
97.7 81.2 89.7 66.5 49.5 58.5 86.4 70.0 78.6 
1998-
99 
100.9 82.9 92.1 65.3 49.1 57.6 87.6 70.6 79.4 
1999-
00 
104.1 85.2 94.9 67.2 49.7 58.8 90.1 72.0 81.3 
2000-
01 
104.9 85.9 95.7 66.7 49.9 58.6 90.3 72.4 81.6 
 
Gross Drop-out Rates 
 
The Gross Drop-out Rate represent percentage of 
pupils who drop out from a given grade or cycle or 
level of education in a given school year. The method 
used to calculate Gross Drop-out Rates is known as 
Apparent Cohort Method. There are certain limitation 
of this method in providing precise estimates as it did 
not take into account the data on repeaters. The rates 
of drop out have decreased from 64.9% in 1960-61 to 
40.7% in 2000-2001 in primary classes. Similarly, the 
rate of dropouts which was 78.3% in 1960-61, has come 
down to 53.7% in 2000-2001 in the upper primary 
classes, implying an improvement in retention rates as 
would be evident. 
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 Teacher pupil ratio( tpr) 
 
On the basis of the school enrolment and the 
number of teachers, the TPR for the years after 
independence is indicated in Sub-Table - XIII. At 
the time of independence there was a widespread 
dearth of educational institutions in the country 
and the utilization of institutions was also not 
optimum. During the year 1950-51 the Teacher 
Pupil Ratio in primary schools was 1:24, in middle 
schools it was 1:20 and in High and Higher 
Secondary schools, the TPR was 1:21. In 2000-2001 
this ratio has now increased to 1:43 in primary 
schools; 1:38 in upper primary schools and 1:32 in 
High and Higher Secondary Schools. Though the 
number of educational institutions has 
considerably increased after independence , the 
higher TPR indicates that the utilisation of the 
educational facilities has also increased. The 
increased enrolment at various levels also 
underscores the need for opening of a greater 
number of educational institutions for improving 
the quality of education 
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 Number of female teachers per hundred male teachers 
 
On the basis of the number of female and of 
male teachers, the number of female teachers 
per hundred male teachers for the last five 
decades is indicated . The number of female 
teachers have increased from 20 to 55 in 
primary classes, 18 to 62 in Upper Primary 
classes, 19 to 49 in High/Higher Secondary 
classes for every 100 male teachers in the five 
decades. Which shows girls participation in 
education at all levels has increased many folds 
after independence. 
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Number of Girls enrolment per hundred boys enrolled 
 
The girl’s enrolment has increased from 39 to 
78 in primary classes, 18 to 69 in Upper 
Primary and 16 to 63 in Secondary Classes for 
every 100 boys during the last five decades. The 
number of girls enrolment per hundred boys is 
indicated.  
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6.2  STATISTICAL EDUCATION 
 
After highlighting the barometer of Indian 
education now I would like to focus on 
statistical education . Clearly, the long-range 
solution to the shortage of statisticians must lie 
in improvements to the educational system that 
will attract, train, retain, and reward a new 
generation of talented students. Improvements 
will be required across the spectrum from 
elementary school through continuing education 
of the workforce. The pool of undergraduates 
lecturers who are qualified to teach statistics 
needs to be increased. As a result of the 
stunning growth in  statistics and other efforts 
to incorporate college level material into the 
high school curriculum, the boundary between 
high school and college statistics has blurred. 
The typical college introductory statistics course 
of ten does not push far enough in terms of 
fulfilling the needs of undergraduates for skills 
in data analysis, modeling, and experimental 
Statistics challenges and opportunities for the twenty first century 
 255
design. These and other pressures suggest that 
the entire undergraduate approach to statistical 
training needs to be reevaluated to assure that 
there is a logical and complete progression. At 
the same time, the sharing of best practices 
needs to be emphasized to speed change and 
increase efficiency. While it appears that 
graduate doctoral training has become more 
balanced in recent years, it is under stress from 
an enlarged statistics core, increased demand 
for cross-disciplinary work, and expansion of 
the inter-section of statistics and computer 
science. The situation is delicate and will 
require departments to adapt in response to 
their local challenges and opportunities. Post-
doctoral training should receive higher priority 
in the statistics community as a sensible way to 
launch research careers and broaden interests.  
Statisticians should play a larger role in the 
science of educational reform whether it 
involves statistics instruction per se or other 
topics. There is a cross-the-board national need 
for decisions about education to be based on 
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sound data! So much of what needs to be done 
to strengthen education in statistics will require 
large investment. The shortage of statisticians in 
key industries and many government agencies, 
the heightened concerns about national security, 
and the increased reliance at the college level on 
adjuncts and instructors who are not members 
of the regular faculty all suggest that now is the 
time for action. 
 
6.2.1 Statistics at higher secondary level 
There has been a general movement towards 
more emphasis on flexible problem solving 
skills, including working with data, throughout 
the higher secondary system. While not without 
controversy, this trend seems to be a healthy 
one from the perspective of increasing the 
statistical literacy of the population. Now with  
statistics courses, a significant number of 
students are seeing statistics before they get to 
college. It may be too soon to assess the impact 
of this development on the pipeline for future 
statisticians. But it does seem clear that this 
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full-year course, taught in an interactive high 
school environment (in contrast to a one 
semester college lecture format), has a lot going 
f or it. The role of the teacher cannot be over 
emphasized in all of these developments. 
Considerable effort continues to be given to 
training higher secondary lecturers to take on  
statistics. Still, the need exceeds the supply. 
Dealing with the higher secondary (and college 
level) shortage of trained teachers may well be 
the number one priority in statistics education. 
There is a special opportunity and challenge for 
assuring that a qualified corps of teachers is 
available in the inner cities and other places 
with large minority populations. Generally, the 
number of minority students interested in 
technical studies has been small. This can be 
traced in part to limited exposure in middle and 
high schools. Improving statistics literacy is 
obviously only one leg of a larger challenge in 
mathematics and science preparation. 
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6.2.2     Undergraduate Statistics Training 
 
 
With the demand for undergraduate statistics 
courses on the rise, as mentioned above, and the 
growing appreciation of the value of a 
statistically literate society, it is only natural to 
expect increased emphasis on undergraduate 
statistics training. Special pressure points can 
be seen in the demand from the pharmaceutical, 
biomedical, and government statistical 
communities (including those involved in 
homeland security and national defense 
matters). The demand includes both 
undergraduate and graduate levels of 
preparation. Certainly, much progress has been 
made in the development of course content, 
pedagogy, and technology and how they relate 
to each other. However, the progress is hardly 
complete (and never will be) and must continue 
in order to reject the ongoing evolution of the 
subject. Another concern is the “ trickle down” 
effect that can result in out-of-date training 
being provided at community colleges and other 
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places where there is too long a time lag for 
course updates. First, with the advances in 
higher secondary training, many students are 
entering college with exposure to statistics that 
may even surpass the ordinary introductory 
course. Hence, there is the need to rethink 
matters from a holistic under graduate 
perspective.  The leap into a mathematical 
statistics course or into a specialized course 
within a major is not the answer.  Going one 
step further, a minor-in-statistics option may be 
attractive for undergraduates who require 
extensive skills of this kind. It is a logical 
alternative that falls between the limited 
exposure  and a full-blown statistics major. It 
may be the right answer f or many social science 
and some engineering majors. Engineers are 
often faced with the need for data collection, 
experimentation, and decision making in the f 
ace of uncertainty. All of these involve basic 
statistical concepts and methods. Yet, with the 
exception of industrial engineering, statistics is 
not a part of the core curriculum in most (if not 
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all) major engineering programs. At the same 
time, industry has a critical need for sound 
statistical thinking among its engineers (and 
others). For example, it spends enormous 
amounts re-educating its workforce in basic 
statistical methods for quality improvement. 
Statistical institute could help close this gap in 
undergraduate engineering training by bringing 
together educators from engineering and 
statistics and industrial leaders to figure out 
how to address this problem. Concern over the 
state of undergraduate education in statistics is 
hardly new.  
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GUJARAT UNIVERSITY  -  An Overview 
 
1. University Established………23rd 
November,1949 
2. University Head Quarters……Ahmedabad 
3.Land-estate of the University………acres 260 
4.(a) No. of affiliated college(2005-2006)…..252 
  (b) No. of recognized Institution(2005-
2006)….15 
  (c) No. of Approved Institution(2005-
2006)…..23 
5. No of Examinations Held in March-April 
2006..242 
6.(a)No of Student Appeared in March/April 
Examination………………………………1,96,329 
 (b)No of Students Appeared in October 2005 
Examination………………………………….26,171 
7(a)No of University P.G. Depts.………….34 
 (b)No of University P.G. Centers(Subject 
wise)(2005-
2006)…………………………………………….237  
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8.Total No of University Teachers(P.G. 
Depts.)(As on 31-7-
2006)…………………………………………141  
9.Total No of Non-Teaching Staff in the 
University(As on 31-7-
2006)……………………440 
10.No of Fresh Students Enrolled at Under 
graduate level(2005-
2006)………………………………….64,006 
11.No of External Students Appeared at U.G 
level(April 
2006)………………………………….9,796 
12.Total No of Teachers/Students at Post 
Graduate level: 
(a) Recognized P.G. Teachers : (2005-
2006)…….4,207 
(b) P.G. Students (2005-2006) : 
Regular………………………………………………1
4,096 
External……………………………………………..1
8,750 
Total………………………………………………….3
2,846 
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Statement : Faculty-Wise Colleges Of Gujara  University 
No. Faculty Local Outstation Total 
1 Arts Colleges 11 15 26 
2 Arts & Commerce 
Colleges 
17 30 47 
3 Arts & Education 
Colleges 
  - 01 01 
4 Arts & Sciences 
Colleges 
02 04 06 
5 Arts, Science & 
Commerce Colleges 
  - 06 06 
6 Commerce Colleges 32 09 41 
7 Science Colleges  05 07 12 
8 Dental Colleges 01 03 04 
9 Education Colleges 16 21 37 
10 Law Colleges 06 03 09 
11 Medical Colleges inclu. 
Nursing & 
Physiotherapy 
07 03 10 
12 Pharmacy Colleges  02 14 16 
13 Technology including 
Engg. & Archite. 
Colleges 
02 09 11 
14 Physical Education 
Colleges  
 - 04 04 
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15 B.B.A. Colleges  07 01 08 
16 B.C.A. Colleges 10 4 14 
 TOTAL 118 134 252 
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2005-2006 
Table shows the number of students enroll in 
under graduate level. 
 
Courses 2002-2003 2003-2004 2004-2005 
B.A 23,789 24,312 26,489 
B.Com 22,680 23,559 24,019 
B.S.C. 3,710 3,517 4,410 
B.B.A. 1,210 1,134 1,318 
B.C.A. 990 918 1,316 
Others 4481 4790 6454 
 56,860 58,230 64,006 
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Students Studying in various Courses 
                            2005 
No. of 
Students 
          Courses 
Year B.Com B.A B.S.C. Others 
F.Y. 24019 26489 4410 9088 
S.Y. 21176 22118 3916 8532 
T.Y. 18392 20312 3773 7117 
TOTAL 63587 68919 12099 24737 
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Students Studying in various 
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Students Studying with statistics/mathematics 
as a subject in various courses. 
 
Year B.Com B.A. B.S.C. Others 
2002-03 39238 6867 5214 4332 
2003-04 41334 7674 5873 4972 
2004-05 44510 8720 6655 5430 
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Students Studying with 
statistics/mathematics as a subject in 
various courses.
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Sex-Wise Classification of above table 
 
Year B.Com B.A. B.S.C. Others 
 Boys Girls Boys Girls Boys Girls Boys Girls 
2002-03 22759 16479 2059 4806 3390 1824 2296 2036 
2003-04 22321 19013 2303 5371 3981 1892 2784 2188 
2004-05 24035 20474 2965 5755 4267 2388 3096 2334 
 
? In B.Com 90% students select statistics as a 
subject. 
? In B.A. statistics subject is included in 
syllabus of economics and psychology. 
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? In B.S.C. most of the students  study with 
mathematics as a subject. 
? Others also included B.B.A. and B.C.A. 
 
No of students of Saurashtra University with 
statistics/mathematics subject. 
  
Year B.Com B.A. B.S.C. Others 
2001-02 9872 3316 2137 1135 
2002-03 11240 3572 2462 1264 
2003-04 14216 3926 2639 1392 
 
 
 
Sex-Wise Classification of above table 
 
Year B.Com B.A. B.S.C. Others 
 Boys Girls Boys Girls Boys Girls Boys Girls 
2001-02 5430 4442 1160 2155 1282 855 596 539 
2002-03 5844 5396 1465 2107 1403 1059 670 594 
2003-04 8242 5994 1494 2432 1740 899 712 680 
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6.2.3     Post-Graduate Statistics Training 
 
Post-doctoral appointments have never been a 
major component of the career path for 
statisticians, in contrast to many other 
disciplines. One reason for this has been a long-
standing very strong job market. Graduates can 
find immediate employment in career-path 
positions without such experience.  
Notwithstanding this reality, carefully crafted 
post-doctoral appointments can be an 
immensely rewarding career-enhancing step. 
Their availability and use should probably be 
expanded. The Odom report argues for 
graduates in the mathematical sciences to use 
these opportunities to immerse themselves in 
other disciplines. The National Institute of 
Statistical Sciences (NISS) has provided 43 
government and industry-sponsored post-
doctoral appointments over the past decade. 
Consistent with the mission of NISS, the 
primary emphasis has been on cross-
disciplinary training. It is anticipated that the 
Statistics challenges and opportunities for the twenty first century 
 271
new Statistics and Applied Mathematics 
Institute (SAMSI) will offer a substantial 
number of post-doctoral appointments in the 
years ahead. Even f or graduates who desire a 
traditional research path. within the core of 
statistics, these appointments can offer rich 
opportunities for maturation, increased 
professional breadth, and experience in securing 
research funds without the pressure of a tenure 
clock. Other types of post-graduate training can 
be equally valuable for career enhancement. 
These include mentoring on the job by seasoned 
professionals, early sabbaticals, and a whole 
range of formal continuing education programs 
aimed at keeping statisticians at all levels up to 
date with new developments. 
 
Students studying in post graduate level in 
Gujarat university. 
 2002-03 2003-04 2004-05 
Regular 14768 14179 14096 
External 21738 23337 18750 
TOTAL 36505 37516 32846 
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Total no of recognized P.G. students. 
 
2002-03 3605 
2003-04 3770 
2004-05 4207 
 
Gujarat university. 
 
 
Year 
Boys Girls Total 
2002-03 2310 1241 3555 
2003-04 2696 1269 3965 
2004-05 2748 1684 4432 
 
 
6.2 In above mention students include M.Com, 
M.A. , M.S.C. , M.B.A. and Other courses. 
Sex-Wise classification  in P.G. level with 
statistics subject in Saurashtra university. 
 
Year Boys Girls Total 
2002-03 605 267 872 
2003-04 537 358 895 
2004-05 642 324 966 
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Research    
 
 
Statistics doctoral training has improved 
considerably over the past decade in the sense 
that there is a better balance between theory, 
methodology (including data analysis and 
computing), and probability. However, the 
increasing breadth of the field is causing 
difficulties. Questions are being asked as to 
what constitutes the core of statistics and what 
is essential to teach graduate students. Some 
worry that decreased emphasis on mathematics 
will lower the ability of graduates to tackle and 
solve truly difficult and complex problems. 
Others argue for more diversity in statistics 
graduate programs, recognizing the impossible 
task of dealing effectively with an expanding 
core of “ required” knowledge without watering 
down the curriculum too much. It is critical to 
get this balance right. In addition to the 
expansion of the field and the fuzziness at where 
its edges lie, there is also the growing 
intersection of statistics and parts of computer 
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science. Nevertheless, a strong case can be made 
that today’s typical graduate program rejects 
an overly narrow, pre-computing view of 
statistics. Much of the statistics that emerged 
from this era was centered on problems of 
estimation and testing where mathematics 
brilliantly finessed a paucity of computing 
power. While acknowledging the continuing 
demand for this type of classically trained 
statistician, there is increasing concern that 
students emerging from graduate programs are 
not adequately prepared to engage in cutting-
edge research and collaboration in the newer 
information-rich arenas. The skills needed go 
much deeper than just the ability to program or 
to use statistical packages. They include, for 
example, the ability to design and evaluate 
algorithms for computationally challenging 
statistical methodology. With many younger 
statistics faculty immersed in cross-disciplinary 
research, it is natural to expect that graduate 
students will increasingly latch onto research 
topics coming from these exciting application 
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areas (e.g., genomics, neural science, finance, 
and astronomy). A natural next step would be 
the formal development of cross-disciplinary 
doctoral programs involving statistics. At the 
very least, experiments along these lines should 
be encouraged and monitored with the goal of 
finding models that work. A related 
recommendation comes from the Odom report. 
It proposes that graduate (as well as 
undergraduate) mathematical sciences 
education be broadened to include “ areas other 
than mathematics.” It goes on to suggest 
stronger support for programs that involve “ 
mathematical scientists in multidisciplinary and 
university/industry research.” Another 
opportunity is to invest resources in developing 
graduate courses in statistics tailored to the 
needs of particular disciplines such as 
atmospheric sciences. Besides providing a 
needed service, an important side benefit could 
be the sparking of new inter-disciplinary 
collaborations. Statistics, along with virtually 
every science, lags in the production of minority 
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doctorates. The current percentage of under 
represented minorities among the total of 
statistics doctorates appears to be about five. 
Yet there are models available on how to run a 
successful program. Ingredients include 
attractive fellowships, a critical mass of 
minority students, and individualized attention 
from faculty. In most universities, a 
professional master’s degree in statistics is at 
least a significant portion of the graduate 
program. The basic course work usually places 
less emphasis on mathematics, theory, and 
specialized advanced courses, and more on 
methods, consulting, and computing. Employers 
often still feel that such training needs to be 
stiffened in terms of applications, data analysis, 
and communications skills. Nevertheless, these 
degrees are an important part of the equation 
for increasing the pipeline of statisticians. An 
intriguing variation is a master’s program 
aimed at doctoral students in other disciplines. 
This is the natural extension of the 
undergraduate minor idea. It is also an 
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alternative to the cross-disciplinary Ph.D. 
degree. In contrast with mathematics education, 
there is no well-established discipline called 
statistics education. This lack of formal 
structure and study is an impediment to the 
development of new ideas and their 
incorporation into educational practice. To 
overcome this situation, some universities are 
beginning to establish degrees in statistics 
education.  Given all of these pressing concerns, 
tensions, and opportunities surrounding 
graduate training in statistics, it would be 
especially timely and beneficial to organize a 
series of national workshops to explore how best 
to deal with these challengesss. 
 
Indian statistical institute 
 
ISI continues to sponsor a variety of initiatives 
of interest to the statistics community. The 
Grants for Indian statistical institute ( ISI 
kolkata )activity is especially relevant to the 
transformations that many statistics 
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departments desire to make. Still, the program 
has left many departments with the impression 
that it is mainly appropriate for mathematics 
departments. Statistics departments that lack an 
undergraduate major or are relatively small in 
size feel at a disadvantage, for example. 
Nevertheless, several departments of statistics 
have been beneficiaries of ISI awards and 
reported that their impact has been very 
positive in several ways. This is not hard to 
understand because the goals of ISI e.g., 
integration of research and education, 
enhancing interactions, and broadening 
experiences, are very natural ones for 
statisticians. For these departments, ISI has 
resulted in strong undergraduate research 
experiences and increased the flow and 
improved the quality of students entering 
graduate school. It has also impacted how 
graduate departments think about training. 
Post-doctoral appointments in statistics have 
increased as departments have been able to 
make appointments that otherwise would have 
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been infeasible. Questions remain as to how 
these positive changes will be sustained. Clearly, 
this will boil down to money and faculty 
commitment to a large extent. Nevertheless, 
most of the experiences reported have been 
enthusiastic. The challenge for the statistics 
community and statistical institute will be to 
capitalize on what has been learned and to 
spread the knowledge beyond the institutions 
that have been part of the ISI activity. 
Sponsored conference may be an effective way 
of doing this. It would be worth considering 
other types of programs that could broaden the 
experiences of students such as strengthening 
ties between university  departments and 
government and industrial groups. 
Continuing Education 
 
For statistics graduates of all kinds, as well as 
novices to the field coming from other 
backgrounds and disciplines, there is a very 
clear-cut need for continuing education. Much 
of this demand comes from industry and 
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government where there are the unfortunate 
countervailing pressures of the need to learn 
while on the job and the constraints of lack of 
time and money for such training. While it is 
now well understood that educational 
technology is only part of the solution for under 
graduate and graduate training, there should be 
a much larger role here for technology-intensive 
solutions. By taking advantage of the 
capabilities of the Web and exploiting various 
multi-media technologies, one can envisage a 
range of distance learning experiences that are 
practical and cost effective for the mature 
student with limited time and budget. Yet there 
is a sense that too many decisions about 
education are based on anecdotal information. 
Statisticians should be particularly sensitive to 
these risks. They are also in a position to assist 
education researchers in beefing up their 
studies so that the next time someone asks for 
the data it will be there. 
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7 
GIST 
 
 
Massive amounts of data are collected nowadays 
in many scientific fields. But without proper 
data collection plans this will almost inevitably 
lead to massive amounts of useless data. 
Without scientifically justified methods and 
efficient tools for the collection, exploration and 
analysis of data sets, regardless of their size, we 
will fail to learn more about the often complex 
and poorly or partly understood processes that 
yield the data. In order to master this enormous 
opportunity, the profession must ad-dress 
several important challenges. Some of these are 
the intellectual challenges that we have 
reviewed in the preceding chapters. A second set 
of challenges arise from the external forces that 
face the profession. In this chapter these 
external challenges will be recapitulated. 
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 Developing Professional Recognition 
 
Earlier in our research some time was spent on 
identifying “What is statistics” and on 
reviewing the history of the profession. The 
reason f or this is simple. The role of the 
statistics profession is often only poorly 
understood by the rest of the scientific 
community. Much of the intellectual excitement 
of the core of the subject comes from the 
development and use of sophisticated 
mathematical and computational tools, and so 
falls beyond the ken of all but a few scientists. 
Statistics is the discipline concerned with the 
study of variability, with the study of 
uncertainty and with the study of decision-
making in the face of uncertainty. As these are 
issues that are crucial throughout the sciences 
and engineering, statistics is an inherently 
interdisciplinary science. Even though it does 
not have its own concrete scientific domain (like 
rocks, clouds, stars, or DNA),it is united 
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through a common body of knowledge and a 
common intellectual heritage. Statistics is no 
longer, if it ever was, just another mathematical 
area like topology, but rather it is a large scale 
user of mathematical and computational tools 
with a focused scientific agenda. The growth of 
the profession Summarizing Key Issues in the 
past twenty years is enormous. For example, the 
number of doctoral degrees granted in statistics 
has grown steadily to the point of matching the 
number of degrees in the “rest” of mathematics. 
                                                If we wish our 
separate needs to be met, we need to establish 
our identity to the wider scientific audience. We 
hope that this research can contribute to this 
goal. 
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 Building and maintaining the core 
activities 
 
 
Exploitation of the current manifold 
opportunities in science has lead to an increased 
demand for greater subject matter knowledge 
and greater specialization in applications. This 
in turn has created a challenge for statistics by 
putting the core of the subject under stresses 
that could with time diminish its current 
effectiveness in the consolidation of statistical 
knowledge and its transfer back to the scientific 
frontiers. In essence, the multidisciplinary 
activities are becoming sufficiently large and 
diverse that they threaten professional 
cohesiveness. If there is exponential growth in 
data collected and in the need for data analysis, 
why is core research relevant? It is because 
unifying ideas can tame this growth, and the 
core area of statistics is the one place where 
these ideas can happen and be communicated 
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throughout science. That is, promoting core 
area statistics is actually an important 
infrastructure goal for science from the point of 
view of efficient organization and 
communication of advances in data analysis. A 
healthy core of statistics (through a lively 
connection with applications) is the best hope 
for efficient assimilation, development and 
portability between domains of the explosion of 
data analytic methods that is occurring. As 
such, it is a key infrastructure for science 
generally. we identified the following  
 
opportunities and needs for the core: 
 
 Adapting to data analysis outside the core. The 
growth in data needs provides a distinct 
challenge for statisticians to provide, in 
adequate time, intellectual structure for the 
many data analytic methods being developed in 
other arenas. Fragmentation of core research. 
Outreach activity is high and increasing for all 
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sorts of good reasons. We think there has been 
an unintended consequence of this growth – a 
relative neglect of basic research, and an 
attendant danger of our field fragmenting. 
Manpower problem. There is an ever shrinking 
set of research workers in India who work in 
core area research. This manpower problem is 
destined to grow worse, partly from the general 
shortage of recruits into statistics and partly 
because outreach areas are pulling statisticians 
away from core research. Increased professional 
demands. The core research of statistics is 
multidisciplinary in its tools: it borrows from 
(at least) information theory, computer science, 
and physics as well as from probability and 
traditional math areas. As statisticians have 
become more and more 
data-focused (in the sense of solving real 
problems of modern size and scope), the math 
skills needed in core areas have gone up. This 
need for ever increasing technical skills 
provides a challenge to keeping the core vital as 
a place for integration of statistical ideas. ² 
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Research funding. It seems clear that funding 
for core research has not kept pace with the 
growth of the subject. Investigators, rather 
than beating their heads against difficult 
funding walls, turn their efforts towards better 
funded outreach activities or consulting. The 
most basic needs remain as they always have: to 
encourage talent, giving senior people time and 
space to think, and encouraging junior people to 
buy into this line of research. New funding 
paths. An illustration was given of a possible 
funding route that might enable statisticians to 
enrich basic statistical research with 
interdisciplinary activity without pulling them 
out of core research. 
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 Enhancing collaborative activities 
 
A distinguishing feature of the intellectual 
organization of statistics is the value placed on 
individual participation both in the development 
of statistical methodology and on 
multidisciplinary activities, e.g., in applications 
of statistics in biology, medicine, social science,  
engineering, government policy, and national 
security, which, in turn, becomes an important 
stimulus for new methodology. Although 
different people strike different balances 
between methodological research and subject 
matter applications, and the same people strike 
different balances at different times in their 
careers, essentially all statisticians participate 
in both activities. Statistics, through these 
interactions, develops tools that are critical for 
enabling discoveries in other sciences and 
engineering. Statisticians are also instrumental 
in unearthing commonalities between seemingly 
unrelated problems in different disciplines, 
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thereby contributing to or creating synergistic 
interactions between different scientific fields. 
However, as noted by the Odom Report, our 
reach has not been wide or far enough. Both in 
applications and in multidisciplinary projects, 
however, there exist serious problems in the 
misuse of statistical models and in the quality of 
education of scientists, engineers, social 
scientists, and other users of statistical methods. 
As observations generate more data, it will be 
essential to resolve this problem, perhaps by 
routinely including statisticians on research 
teams. One problem is that statisticians who 
attempt to participate widely in these activities f 
ace several steep challenges, including the need 
to stay current in all relevant fields and the 
need to provide the relevant software to carry 
out statistical analyses. In addition, in spite of a 
culture that encourages multidisciplinary 
activities, evaluating these activities has proven 
difficult and sometimes controversial. Statistics 
in Science and Industry, we can identify the 
following important issues: 
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                                    The large amounts of 
data produced by modern biological 
experiments and the variability in human 
response to medical intervention produce an 
increasing demand for statisticians who can 
communicate with biologists and devise new 
methods to guide experimental design and 
biological data analysis.  There exists a software 
challenge that touches deeply in a number of 
areas. It corresponds to a wide need for 
statistical methods to be incorporated into open 
source software products, and a corresponding 
lack of support for this infrastructure need. 
There exists a need for coordinated long term 
funding for interdisciplinary projects so that 
the statistician can accord to develop the 
scientific understanding vital to true 
collaboration. We have identified a growing 
need f or statistics and statisticians from wide 
areas of science and industry. As noted by the 
Odom Report, “There is ample professional 
opportunity for young people in statistics, both 
in academia, industry, and government.” At the 
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same time, the profession cannot meet demand 
with domestic candidates.  At the same time that 
the demands on the profession have grown in 
the research arena, there has been a startling 
growth in demand in statistical education at 
lower levels. The statistics profession has 
started to feel the impact of the wide growth of 
statistical training in grades higher secondary, 
led by the implementation of  course in 
statistics. This means many students are coming 
to college with previously unheard of knowledge 
about statistics. 
 Undergraduate enrollments in statistics are up 
sharply–45% between 1990 and 2000. These 
circumstances point to the need for the 
profession as a whole to consider how to handle 
this growth, and how to build a statistics 
education infrastructure that can meet the 
changing and growing needs. Here are some of 
the key issues and needs:  
                                     The need for trained 
teachers of the Statistics courses, as well as 
statistically literate instructors in other subjects 
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in grades higher secondary.  The need for an 
integrated college level  curriculum that 
accounts for the better high school training. The 
need for expanded statistics minor and major 
options in both undergraduate and graduate 
programs. The need to encourage and enable 
students to acquire deeper and broader subject 
matter knowledge in an area or areas of 
application. At the graduate level, there is a 
large challenge in building training programs 
that can over sufficient depth over the wide 
breadth of tools that the modern statistician is 
currently using.  There is a growing need for 
more postdoctoral training opportunities to help 
newly minted graduates develop their 
professional skills. A second set of challenges to 
the statistics profession comes from the need to 
fill the pipeline for tomorrow. The number of 
people with training in statistics is not growing 
nearly fast enough for the exponential growth in 
the demands for statistical expertise. This trend 
must be changed dramatically in order to meet 
the high demands for statistical expertise for 
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today’s complex, large, interdisciplinary 
research problems in science and engineering. 
No doubt recruitment at the lowest levels has 
been helped by the  course. At the same time 
programs for enhanced recruitment that are 
focused on the mathematics profession as a 
whole, such as ISI,TATA RESEARCH 
INSTITUTE are very promising, but have many 
times lacked sensitivity to the special needs of 
statistics. 
 
Suggestions 
 
The statistics profession faces many challenges 
at this time. The scientific program of the 
workshop was very helpful as a way of 
identifying the broad needs of the profession. In 
this research we have tried to summarize the 
key elements of the workshop talks and 
presentations. In the end, this leads us to ask if 
there are recommendations we can make to the 
statistics community and to its constituents that 
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will direct attention in the right directions. Our 
research provides the following very useful 
summary of its recommendations to statistical 
institute regarding statistics as a whole: 
 
Therefore, statistical institute objective in 
statistics  should be to build and maintain the 
statistical sciences in India at the leading edge 
of the statistical sciences, and to strongly 
encourage it to be an active and effective 
collaborator with other disciplines and with 
industry. Statistical institute should also ensure 
the production of statistics students sufficient in 
number, quality, and breadth to meet the 
nations needs in teaching, in research in the 
statistical sciences and in other disciplines, and 
in industry, commerce, and government. We 
wholeheartedly second this recommendation. 
Here we would like to focus more specifically on 
those areas of opportunity and need in the 
statistics profession. The scientific committee 
therefore recommends that  the profession adopt 
the following long term goals and  that the 
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profession ask its key stakeholders, including 
universities and funding agencies, to support 
these goals. 
Promote recognition of the unique identity of 
statistics. This involves clarifying its role vis-à-
vis the other sciences. This should include 
making clear the different roles and needs 
between statistics and the other mathematical 
areas. The committee hopes its report will be 
one step in this direction. Strengthen the core 
research areas. This requires ensuring that their 
full value in consolidation of knowledge is 
recognized and rewarded. Achieving this goal 
would be aided by expansion of the current 
funding programs in this area. Strengthen multi 
disciplinary research activities. This can be 
accomplished by helping all parties involved 
calculate the full cost of multidisciplinary 
research and so make allowances for its special 
needs. This would imply research support that 
recognizes the special role of statisticians in 
scientific applications they are toolmakers 
(concepts, models, and 68 8. Recommendations 
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software) as well as tool providers. Develop new 
models for statistical education. This should be 
done at every level, and separately for majors 
and non-majors. Attaining this goal will require 
the focused efforts experts  education working 
together to create and disseminate the models. 
Accelerate the recruitment of the next 
generation. For this to succeed, the profession 
needs the cooperation of the key stakeholders in 
developing programs that recognize the special 
needs and opportunities for statistics. 
                            SQC  is used only by large 
scale industry like pharmaceuticals cements , 
steel etc. Large scale industries can meet the 
requirements of setting up SQC because of well 
built infrastructure and handsome capital  
structure . Unfortunately SQC is not put to use 
by small scale industry because of limited 
financial resources. Large scale industry can 
afford to pay the man power require to set  up 
the statistical structure but small scale 
industries can not afford to make use of 
statistical tool. Over and above  there is no 
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compulsion to use the statistical tools and 
engineering  industry, therefore they are 
unaware of the fruits of using SQC or in fact  
any other statistical tool. 
                              The maximum use of SQC is 
done by pharmaceuticals industries. The reason 
being governments rule and regulation. Because 
of more and more use of SQC and other 
statistical tools like BA and BE, lots of research 
has been done in this area. This research has 
created challenging opportunity for modern 
statistician had the government policy being 
laid on other industries also then those 
industries would surely make fruitful use of 
research knowledge of various statistical tools. 
                          Geophysical environmental 
science is another area where lots of 
opportunities for the use of statistical tool are 
not yet unveiled.  If the statistical tool are  used  
in agricultural area then it would be possible to 
see  totally different scenario. 
                            There are number of places 
where the geophysical environmental science on 
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a closure , therefore there is a less flow of 
students going into this area. If proper 
awareness is created then lots of unmet 
challenges could be faced effectively. 
                              Field of education has 
become very vast there has been tremendous 
amount of growth in number of universities, 
schools, colleges and students. Even the girls 
enrollment and number of teachers increasing 
significantly. This field has grown in number in 
quantity but not as much in quality. Most of 
schools and universities have yet not given 
kingly status to the subject statistics. It is given 
the status of an optional subject in Gujarat state 
90 % of the school (HSC level) does not have 
any special statistics teacher therefore the 
fundamentals of the subject is not laid well. This 
is the same condition of most of the universities 
of Gujarat state. 
                          The university need to make 
lots of changes in their  structures and in the 
syllabus of the subject to make this subject 
more interesting and acceptable for students. 
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University should propagate this subject by 
offering proper infrastructure trained teachers, 
various books, published journals and guidance 
of statistical software like SPSS, SAS etc. 
Universities and statistical societies and 
research institutes should popularize this 
subjects by creating awareness program 
arranging conferences. Research funding 
scholarships and rewards would definitely 
encourage students to take up this subjected. 
                            There are still lots of 
segments which this thesis has not catered to 
like study of multiplexes and malls, banking and 
insurance sector, fashion technology and the 
portfolio management (share markets) etc. I 
would definitely like to make sincere efforts to 
find new applications of statistics in above 
mentioned area.  
 
 
**************** 
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